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T H E 


PREFACE. 


HAT the reader may be duly pre- 

[ pared for the peruſal of the follow- 
ing Treatiſe, it will be neceſſary that 

he firſt acquaint himſclf with the genuine 
Method and Rules of Philoſophizing, as they 


have been delivered by Sir Isa ac' N EWTON. 


His Method of Philoſophizing is thus laid 
down in his Opticks x. 


© As in Mathematicks, ſo in natural Philo- 
ſophy, the inveſtigation of difficult things 
by way of Analyſis, ought ever to precede 
e the method of compoſition. This Analyſis 
*« conſiſts in making experiments and obſer- 
vations, and in drawing general concluſions 
from them by induction and admitting of 
no objections againſt the concluſions, but 
ſuch as are taken from experiments or other 
certain truths. And although the arguing 
from experiments and obſervations by in- 
* duction, be no demonſtration of general 
2 concluſions ; yet it is the beſt way of ar- 
guing which the nature of 1 admits 
of, and may be looked upon as ſo much 
A 3 de the 


0 


* 


[4 


A 


cc 
cc 
«oc 


cc 


Opt. p. 389. 


PREFACE. 


« the ſtronger, by how much the induction 
* 3s more general. And if no exception oc- 
e cur from Phenomena, the concluſion may 
% be pronounced generally. But if at any 
« time afterwards, any exceptions ſhall occur 
from experiments, it may then be pro- 
* nounced with ſuch exceptions as ſhall occur. 
* By this way of Analyſis, we may proceed 
* from compounds to ingredients, and from 
motions to the forces producing them ; and 
in general from effects to their cauſes, 
and from particular cauſes to more general 
ones, till the argument ends in the moſt 
« general, This is the method of Analyſis: 
«« And the Synthefis conſiſts in aſſuming the 
cauſes diſcovered, and eſtabliſhed as prin- 
ciples, and by them. explaining the Phæ- 
nomena proceeding from them, and proving 
the Explanations.” 


His Rules of Philoſophizing, delivered in 
his Principles *, are theſe four, 


RUE I. 


« More cauſes of natural things are not to be 
admitted, than are both true and ſufficient 
for explaining their Phenomena, 

Thus Philoſophers ſay; nature does no- 
thing in vain, and in vain that is done by 
more cauſes, which can be done by fewer. 
« For nature is fimple, and delights not in 


« ſuperfluous cauſes of things. 


R U:L E 
* Philo. Natur, Princip. Mulbem. p. 387. 
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RULE IL 


e Of natural effects therefore of the ſame 
kind the ſame cauſes are to be aſſigned, as far 
as it can be done. 

As of reſpiration in a man and in a 
beaſt; of the deſcent of ſtones in Europe 
and in America; of light in a culinary fire 
and in the ſun; of the reflexion of light in 
the earth and in the planets. 


R UL E III. 


« The qualities of bodies which cannot be 
increaſed and diminiſhed, and which agree 
to all bodies in which experiments can be 
made, are to be reckoned as qualities of all 
bodies whatſoever. 
For the qualities of bodies are not known 
but by experiments ; and therefore, as ma- 
ny are to be reckoned general as generally 
agree with experiments, and thoſe which 
cannot be diminiſhed cannot be taken 
away. Certainly dreams are not to be de- 
viſed at pleaſure contrary to the tenor of 
experiments; nor muſt we depart from the 
analogy of nature, fince ſhe is wont to be 
ſimple, and always conſonant to herſelf. 
The extenſion of bodies is not known but 
by the ſenſes, nor is it perceived in all bo- 
dies: but becauſe it agrees to all bodies 
which are perceiveable, it is affirmed of all 
whatſoever, We experience many bodies 
A 4 to 
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to be hard, But the hardneſs of the whole 
ariſes from the hardneſs of the parts, and 
thence with good reaſon we conclude the 
undivided parts not only of thoſe bodies 
which are perceived, but alſo of all others 
to be hard. We gather all bodies to be 
impenetrable, not by reaſon, but by ſenſe. 
We find the bodies we handle to be im- 
penetrable, and thence conclude impene- 
trability to be a property of all bodies what- 
ſoever. That all bodies are moveable, and 
by certain forces (which I call vires iner- 
tie) perſevere in motion or reſt, we gather 
from theſe ſame properties in bodies which 
are ſcen. Extenſion, hardneſs, impenetrabi- 
lity, mobility, and vis inertiæ of the whole, 
ariſe from the extenſion, hardneſs, impene- 
trability, mobility, and ves inertiæ of the 
parts; and thence we conclude that all the 
leaſt parts of all bodies are extended, and 
hard, and impenetrable, and moveable, 
and endued; with 'vires znertia. And this 
is the foundation of all Philoſophy, Far- 
ther we know from the Phenomena, that 
the parts of bodies which are divided, 
and mutually contiguous to one another, 


may be ſeparated from one another, and it 
is certain from Mathematicks, that the 


undivided. parts; may by reaſon. be diſtin- 


* guiſhed. into leſs parts. But whether thoſe 


parts diſtinct, and not yet divided, can 
by the powers of nature be divided and 
ſeparated, from one another, is uncertain. 
But if it ſhould appear, even by one ſingle 
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experiment, that by breaking a hard and 
ſolid body, any undivided particle ſuffered 
a diviſion; we might conclude by the 
force of this rule, that not - only the di- 
vided - parts were ſeparable, but that the 
undivided parts might be divided 2u ixſi- 


nitum. 


*« Laſily, If it be univerſally evident by ex- 


periments and aſtronomical obſervations, 


that all bodies round the earth gravitate 
towards the earth, and that in proportion 
to the quantity of matter in each, and that 
the moon gravitates towards the earth in 
proportion to it's quantity of matter,” and in 
like manner our fea gravitates towards the 
moon, and that all the Planets mutually 
gravitate towards one another, and that 
there is a ſimilar gravity of Comets to- 
wards the ſun; we muſt pronounce by 
this rule, that all bodies gravitate mutual- 
ly towards one another. For the argu- 
ment from the Phenomena will be ſtron- 
ger for an univerſal gravity, than for the 
impenetrability of bodies, concerning which 
in the heavenly bodies we have no expert- 
ment, no obſervation at all. 


RULE HV. 


« In experimental Philoſophy profofiticns 


chllectded from the Phenomena by induction, 


are to be deemed, notwithſtanding contrary 


* Hypo- 
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« Hypotheſes, either accurately or very nearly 
e true, till other Phenomena occur, by which 
e they may be rendered either more accurate or 
© liable to exceptions. 

„This ought to be done, leſt argu- 
© ments of induction ſhould be deſtroyed 
* by Hypotheſes. 


This Method and theſe Rules have been 
carefully obſerved by our Author in theſe 
LECTURES, Which, from the clearneſs 
and diffuſiveneſs of the ſtile, and the eaſy 
and juſt manner of reaſoning, are, in my 
opinion, better fitted for the inſtruction of 


youth, than any thing which I have ſeen on 
this ſubject, 


I have added a few Problems by way of 
APPENDIX. 


LECTURE 
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eaſe and convenience of life; it is not to be won- 
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LECTURE I. 


Or ATTRACTION. 


S natural philoſophy is a ſcience in it's own L x c T. 
nature entertaining and delightful, and I. 
withal conducive in many inſtances to the 


dered that there have been men in all ages who 
have laid themſelves out in the improvement and 
cultivation of it. But it is a matter of no ſmall 
ſurpriſe to think how inconſiderable a progreſs the 
knowledge of nature had made in former ages, 
when compared with the vaſt improvements it 
has received from the numberleſs diſcoveries of la- 
ter times; inſomuch that ſome of the branches 
of natural philoſophy, which at this day is almoſt 
complete in all it's parts, were utterly unknown 
before the laſt century. If we look into the rea- 
ſon of this, we ſhall find it to be chiefly owing 


to the wrong meaſures that were taken by philo- 


ſophers of former ages in their purſuits after natural 
knowledge: for they diſregarding experiments, the 
only ſure foundation whereon to build a rational 


- philoſophy, buſied themſelves in framing hypo- 


theſes, for the ſolution of natural appearances, 
which as they were creatures of the. brain, with- 
out any foundation in nature, were generally ſpeak- 
ing ſo lame and defective, as in many caſes not to 
anſwer thoſe very phænomena for whoſe ſakes the 

had been contrived. Whereas the philoſophers of 
later times, laying aſide thoſe falſe lights, as being 


of no other ule than to miſguide the underſtanding 
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Or ATTRACTION. 


in it's ſearches into nature, betook themſelves to 
experiments and obſervations; and from thence 
collected the general powers and laws of nature; 
which with a proper application, and the aſſiſtance 
of mathematical learning, inabled them to account 
for moſt of the properties and operations of bodies; 
and to ſolve many difficulties in the natural ap- 
pearances, which were utterly inexplicable on the 
foot of hypotheſis. By this means has natural 
philoſophy, within the compaſs of one century, been 
brought out of the greateſt darkneſs and obſcurity 
into the cleareſt light; and this has been chiefly ow- 
ing to the unparalleled abilities, and indefatigable 
induſtry of that great and accurate philoſopher Sir 
Is AAc NRwWTON ; who, to his great honour, has in 
his principles of natural philoſophy, and his incom- 
arable treatiſe of light and colours, cleared more 
difficulties, and diſcloſed more and more important 
truths relating to nature, than are to be met with 
in the voluminous writings of all that went before 
him. To illuſtrate ſome of theſe truths by expe- 
riments is the deſign of this courſe, which conſiſts 
of four parts. In the firſt are conſidered ſolid bo- 
dies and their properties. In the ſecond water and 
watery fluids. In the third the elaſtic fluid of air. 
And in the laſt the ſubtile fluid of light. But be- 
fore I proceed to theſe particulars, it will be neceſ- 
ſary to ſay ſomething concerning, certain principles, 
forces, or powers, wherewith all parts of matter, of 
what kind ſoc ver, ſo far as experience reaches, ſcem 
to be endued ; and whereby they act upon one anc- 
ther for producing a great part of the phenomena 

of nature. | 
Such is firſt that power whereby the minute par- 
ticles of matter do in ſome circumſtances tend to- 
wards one another, whicn is commonly called attrac- 
tion ; the cauſe whereof 1s in a great meaſure un- 
known, though the thing itſelf is manifeſt from ex- 
periments. For if two poliſhed plates of brafs be 
| laid 
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Or ATTRACTION. 


ſides ſmeared with oil, they will cohere in wacuo, 


and with ſuch firmneſs that when they are ſuſpend- 3 


ed, the force of gravity in the lower plate will 
not ſuffice to ſeparate and pull them aſunder. 

That the coheſion of theſe plates is to be at- 
tributed to the mutual attractions of their conti- 
guous parts, cannot I think admit of a doubt, ſince 
the preſſure of the outward air on their external 
ſurkaces, (to whoſe force this effect might otherwiſe 
have been attributed) is in this caſe taken off. 

The uſe of the oil 1s to fill up the minute cavities 
in the ſurfaces, and by ſo doing to prevent the 
lodgment of air between the plates; which upon 
the removal of the outward air would expand it- 
ſelf by reaſon of it's elaſticity, and thereby force 
the plates aſunder. 


The forementioned attraction is in like manner Exp. 2. 


collected from the following experiments. 

If two plane poliſhed plates of glaſs be laid toge- 
ther, ſo that their ſides be parallel, and at a very 
ſmall diſtance from one another, and their lower 
edges be dipped in water, the water will riſe u 
between them; and the leſs the diſtance of the 
glaſſes is, the greater will the height be to which 
the water riſes. If the diſtance be about the hun- 
dredth part of an inch, it will riſe to the height of 
about an inch; and if the diſtance be greater or leſs 
in any proportion, the height will be reciprocally 
proportional to the diſtance very nearly. 

The reaſon why the water aſcends between the 
plares is, that thoſe parts of the ſurfaces of the 
glaſſes which lie next above the ſurface of the wa- 
ter, and are contiguous thereto, attract the water, 
and by that means cauſe it to aſcend ; and this 
aſcent continues till the weight of the elevated water 
becomes equal to the force of the attracting ſurfaces, 
and then the motion ceaſes, the water tending as 

2 much 


laid one upon another, having their contiguous LE C r. 
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J. 


Or ATTRACTION. 


L x c r. much downward by the force of it's own gravity, 


as it doth upward by the attraction of the glaſſes. 


—— lbe reaſon why the water riſes to heights which 


I'xn, 
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are inverſly as the diſtances of the glaſſes, is this: 
the abſolute attractive force of the glaſſes, whereby 
the water is raiſed, continues unvaried whatever be 
the diſtance of the glaſſes; for the height and length 
of the glaſs ſurfaces, whoſe attractions influence the 
aſcent of the water, are always the ſame, and con- 
ſequently the attractive force muſt be ſo too; and 
for that reaſon will conſtantly ſupport the ſame 
weight of water; but the quantity, and conſequent- 
ly the weight of the elevated water, will always be 
the ſame, if it's height be reciprocally as it's baſe, 
that is in this caſe, as the diſtance of the plates; 
for the length of the baſe being equal to the length 
of the plates, it continues unvaried ; and therefore 
the baſe will ever be as it's breadth, that is as the 
interval between the plates. 

If the glaſs plates inſtead of being ſet parallel to 
one another, be made to meet at one of their 
ends, and kept at a little diſtance at the other ; 
and their lower edges be then dipped in water, ſpi- 
rit of wine, or any other convenient liquor; the in- 
ward ſides of the plates being firſt moiſtened with 
a clean cloth dipped in the liquor; the liquor will 
riſe between the plates; and the upper ſurface of 
the elevated liquor will form a curve, the heights of 
whoſe ſeveral points above the ſurface of the ſtag- 
nating liquor will be to one another reciprocally as 
their perpendicular diftances from the concourſe of 
the plates. For the illuſtration of which, let AE be 
the ſurface ci the ſtagnating liquor wherein the lower 


edges of the plates are immerſed, AH the concourſe. 
of the plates, and F, G, I, K, L the curve formed 


by the ſurface of the elevated liquor; from any 
points in the curve as G, I, K, L taken at pleaſure, 
iet tall the right lines GB, IC, KD, LE perpen- 
dicular to AE, and thoſe lines will expreſs the 
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heights of the reſpective points of the curve above Le c T. 
the ſurface of the ſtagnant liquor; whilſt AB, AC, I. 
AD, AEdenote the perpendicular diſtances of the ww 
ſame points from the concourſe of the glaſſes ; now 
thoſe heights and diſtances are to one another in a 
reciprocal proportion : for if we ſuppoſe the lines 
GB, IC, KD, LE to be ſo many pillars of liquor 
conſiſting of four ſides, two of which are terminat- 
ed by the plates, and the other two by the conti- 
guous liquor; and if thoſe ſides which lie next the 

lates be of an equal but exceedingly ſmall breadth 
in all the pillars, then will the attracting ſurfaces of 
the plates which ſupport thoſe pillars be likewiſe 
equal, and conſequently the quantities ſupported, 
that is the pillars muſt be ſo too. But in order to 
have them equal, their heights muſt be reciprocally 
proportional to their baſes ; which baſes, inaſmuch 
as they are ſuppoſed to be equally broad, muſt be 
as their lengths, that is, as the intervals between 
the glaſſes in thoſe parts where the pillars are taken; 
and therefore the heights of the pillars muſt be re- 
ciprocally as the intervals between the plates; but 
from the nature of ſimilar triangles the intervals 
= between the glaſſes at different diſtances from the 


yy concourſe are to one another directly as thoſe diſ- . 
tn tances; whence it follows, that the heights of the 
vill pillars are to one another reciprocally as their re- 
of | {ſpective diſtances from the concourſe of the plates; 
of WW that is, if GB be double of IC, then is AC double 
ag” of AB. 
ſ as | From what has been ſaid it is plain that the 
e of | curve formed by the upper ſurface of the elevated 
, be liquor mult be an hyperbola ; for from the nature 
wer ot the hyperbola the external ordinates are recipro- 
urſe cally as the abſciſſæ; wherefore if AB, AC, AD, | 
med AE, be taken for the abſciſſæ; then will BG, CI, 
any DR, EL, be the reſpective ordinates ; and conſe- 
ure, quently the curve which paſſes through the points 
pen- \z, 1, K, L is an hyperbola, 


As 
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As water or any other proper fluid aſcends be- 
tween poliſhed plates of glaſs by the force of their at- 


83883 tractions; ſo does it likewiſe in ſlender pipes of glaſs 
Exp. 4. open at both ends; for if ſuch tubes be dipped at 


one end into water, ſpirit of wine, or any other 
convenient fluid, the liquor will riſe within the pipes 
to a conſiderable height, and this experiment (as 
alſo thoſe before made) ſucceeds in the very ſame 


manner in vacuo, as in the open air, for the liquor 


conſtantly aſcends to the ſame height in both. 

That the aſcent of liquor in theſe ſmall tubes, 
as alſo between poliſhed plates of glaſs, is to be at- 
tributed to ſome power in the glaſs ſtrongly acting 
on the liquor, and not to the preſſure either of the 
ſtagnating liquor or incumbent atmoſphere, 1s evi- 
dent from this conſideration ; that as much of the 
liquor remains ſuſpended in the pipes, and between 
the plates, when they are lifted out of the ſtagnat- 
ing fluid, either in vacuo or the open air, as was 
elevated above the ſurface of the fluid, while they 
were immerſed therein: and therefore whatever cauſe 
concurred to the elevating of the liquor while the 
plates and pipes were therein immerſed, and expoſed 
to the air; the ſame contributes as powerfully to keep 
it up, when the ſtagnating liquor is removed, and 
the preſſure of the atmoſphere taken off, and con- 
ſequently muſt be ſome power inherent in the glaſs. 

The heights to which the liquor riſes in ſlender 
Pipes, are to one another reciprocally as the diameters. 
For the power which raiſes the liquor in a ſlender 
pipe, being the attractive force of that part only 
of the internal concave ſurface which lies next a- 
bove the liquor, and conſtitutes a ring of an inde- 
finitely ſmall height, which height is ever the ſame 
whatever be the diameter of the ring, becauſe the 
diſtance to which the attractive force of glaſs 
reaches is unvaried; and the attractive force of ſuch 
an annual ſurface being as the number of attracting 


parts whereof it is compoſed, that is, as the ſurface, 
which 


|| analogy, we ſhall have II: h 
height to which the liquor rites in the larger pipe is 


Or ATTRACTION. 


Lwhich becauſe it's height is given is as the periphe- Lr. 


ry, that is, as the diameter, the attractive force of 


the pipe muſt be as the Diameter. Wherefore if in — 


comparing the forces of two ſuch pipes we make 
F to denote the attractive force of the larger, and f 
the attractive force of the ſmaller, and alſo D and 
d to denote their diameters; we ſhall have this ana- 
logy, viz. F: f:: D: q, that is, the force of the 
larger pipe is to that of the ſmaller as the diame- 
ter of the larger to the diameter of the ſmaller : 
but theſe forces are likewiſe to one another in the 
fame ratio with the quantities of liquor which they 
keep ſuſpended, for they continue to elevate the li- 
quor till ſuch time as the weights, and conſequently 
the quantities of liquor drawn up, become a balance 
to the attracting forces. Wherefore if H be put 
for the height of the liquor in the pipe, whoſe dia- 
meter is D, and h for it's height in the pipe whoſe 
diameter is d; then will H multiplied into the ſquare 
of D be as the quantity of liquor in the larger pipe; 
and h multiplied into the ſquare of d as the quanti- 
ty of liquor in the ſmaller pipe; whence we have 
this ſecond analogy F: f:: k HxD*: hxd*; and 
by ſubſtituting D and d in the room of F and f, to 
which they are proportional, as appears from the 

firſt analogy, we ſhall have D: d:: HD* : hd*; 

and then multiplying extremes and means, and 

throwing off ſimilar quantities, we ſhall have 

HD=hd, and by refolving this equation into an 

1d: D, chat is, the 


to the height to which it riſes in the ſmaller, as the 
| diameter of the ſmaller pipe to that of the larger; 
ſo that the heights of the liquor are reciprocally 
proportional to the diameters of the pipes. 

By virtue of this attractive force, wherewith ſmall 
pipes are indued, plants receive nouriſhment from 
the earth ; the ſlender tubes, whereof their roots are 
compoſed, fucking in various goon ESE co 

tel 


8 


LE c r. their different natures and conſtitutions. From the 


I. 


ter: and that water aſcends in loaf ſugar, when any 


Exp. 5. 


Exp. 6. 


Or ATTRACTION. 


ſame attractive force it is that ſponges take in wa- 


part of it is dipped therein; thoſe parts of the ſugar 
which lie next above the water attracting, and there- 
by raiſing the ſame. And here it muſt be obſerved 
that the water riſes by the action of thoſe particles 


alone which are contiguous to, and lie next above 


the ſurface of the elevated water; thoſe particles 


which are at any the leaſt ſenſible diſtance above 
the water, being too far removed to influence the 


water by their attractions: and what has been thus 


obſerved of ſugar, is likewiſe true of poliſhed plates, 
flender pipes, and every other attracting body, by | 
vertue of whole attractions fluids are raiſed. For 
if thoſe parts of attracting ſurfaces which are at 


any ſenſible diſtance above the ſurface of the fluid, 
do in any meaſure contribute to the aſcent ; it is 
evident that the fluid, cæteris paribus, mult riſe to 


a greater height when the attracting ſurfaces are | 


continued to a conſiderable height above the ele- 
vated fluid, than when they terminate at a very 
little diſtance above the fame. But the contra- 
ry appears from experiment. For if two poliſhed 
plates of glaſs ſet parallel to one another, at the 
diſtance of about the hundredth part of an inch, be 
immerſed in water fo far that only an inch and one 
tenth be ſuffered to remain above the water, the 
water will riſe up between them to the height of 
about an inch; and if the ſurface of the ſtagnating 
water be then depreſſed by drawing off ſome of the 
water, the elevated water will likewiſe deſcend be- 
tween the plates, ſo as till to preſerve the height 
of about an inch and no more. 

It a poliſhed plate of glaſs be laid parallel to the 
horizon, and another plate of the ſame kind be laid 
thereon, ſo as that they may touch at one of their 
ends, and be kept at a very ſmall diſtance at the 
other; being firſt moiſtened on their inward ap 
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at that end where they are at ſome diſtance from 


above 


rticles 
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each other, ſo as that it may be touched by both 
the plates, it will begin to move towards the con- 
courſe of the glaſſes, and will continue to go on 
* with an accelerated motion till it arrives at the con- 


courſe. And if during the motion of the drop, that 


end of the glaſſes where they meet, and towards 


4 


which the drop moves, be lifted up, the drop will 


* nevertheleſs continue it's motion, and of conſequence 
* muſt be attracted ; but as the end of the glaſſes is 
| raiſed higher and higher, the drop will afcend more 
and more ſlowly, till at laſt, upon a certain eleva- 
tion of the plates the motion ceaſes, the gravity of 


the drop, wherewith it tends downward, becoming 


| equal to the attractive force which draws it upward ; 


as appears from this, that upon giving the plates 


the leaſt degree of elevation beyond what is neceſſary 


to ſtop the drop, it ſtraightway begins to deſcend, 
it's gravity in that caſe overcoming the attraction. 
By the help of this phænomenon may the force 
be determined, wherewith the drop is attracted at 
all diſtances from the concourſe of the glaſſes. For 


that part of a body's gravity whereby it is carried 


down an inclined plane, is to it's abſolute weight, 
as the ſine of the angle of the plane's elevation, to 
the radius, or as the perpendicular height of the 
lane to the length thereof; and therefore may be 
denoted by the perpendicular height applied to the 
length; and where the length of the plane is gi- 
ven, that force will be every where as the fines of 
the angles of elevation, or the perpendicular altitudes 
of the plane; as ſhall be made appear when I come 
to treat of the deſcent of bodies on inclined planes. 
If therefore the ſines of ſuch elevations of the plates 
as are neceſſary to ſtop the motion of the drop, be 
taken at two different diſtances of the drop from 
the concourſe of the plates; thoſe fines will de- 
B 2 note 
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Or ATTRACTION. 


LE c T. note the reſpective gravities of the drop, and conſe- 


quently the attractive forces, wherewith the plates 


= = act upon the drop at each of thoſe diſtances. Thus 


Fig. 2. 


Exp. 6. 


for inſtance, if the diſtances of the drop from the 
concourſe of the glaſſes be as one and two; and 
the ſine of the elevation neceſſary to ſtop the mo- 
tion of the drop when at the ſmaller diſtance be as 
four, and when at the greater diſtance as one; the 
Fwy of the drop, wherewith 1t endeavours to de- 
cend at the forementioned diſtances of one and two, 
will be as four and one. For the illuſtration of 
which, let AB and A C repreſent the plates at dif- 
ferent elevations; F and G the places where the 
drop ſtands upon thoſe elevations; then will B D 
and CE denote the forces, of gravity wherewith 
the drop endeavours to deſcend along the plates in 
the points F and G, which forces are equal to the 
attractions of the glaſſes in thoſe points; and if BF 
and CG the diſtances of the drop from the con- 
courſe of the plates be as one and two, and BD 
and CE as four and one; then is the attractive 
power wherewith the glaſſes act upon the drop at 
F, to the force wherewith they act upon it at G, as 
four to one, that is, reciprocally as the ſquares of 
the diſtances of the drop from the concourſe of the 
glaſſes; and this is nearly the caſe, as will appear 
from the experiment. 

Though the drop be attracted by forces that arc 
in the reciprocal duplicate ratio of the diſtances of 
the drop from the concourſe of the glaſſes; yet are 
the attractions within the ſame quantities of attract- 
ing ſurface in the reciprocal ſimple ratio only of 
thoſe diſtances : for as the drop moves towards the 
concourſe of the glaſſes, it muſt ſpread and touch 
each glaſs in a larger ſurface ; and this ſpreading is 
always proportional to the leſſening of the interval 
between the glaſſes ; and of conſequence from the 
nature of ſimilar triangles, it is likewiſe proportion- 
al to the diminution of the diſtance from the 5 

Courle. 
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courſe. So that the force which acts upon the drop LE c T. 
is increaſed as the drop approaches the concourſe in I. 
the ſimple reciprocal ratio of the diſtance, on account 


of the inlargement of the attracting ſurface in that 
proportion; and therefore in a given quantity of 
attracting ſurface the force muſt be in the reciprocal 
ſimple ratio of the diſtance from the concourſe ; 

that is to ſay, any given portion of the glaſs ſur- 
faces, taken at the diſtance of one inch from their 
concourſe, muſt act with twice the force that it does 
at the diſtance of two inches, and with thrice the 
force that 1t does at the diſtance of three inches, and 
ſo on. Hence it will be found that the attractive 
force of one and the ſame flender pipe of a coni- 
cal figure is given; or in other words, that the at- 


tractive force wherewith a conical pipe is indued 
s in at any one diſtance from the vertex of the cone, is 
the FT equal to the attractive force of the ſame, at any 
BF other diſtance from the vertex; ſo that the attrac- 
on- tive force of a conical pipe is in every part equal 
bD throughout the whole length of the pipe; and may 
tive be expreſſed by the diameter of a circular ſection 
> at of the pipe, taken at any diſtance from the vertex, 
„ as applied to that diſtance, For the attraction in any 
s of part of ſuch a pipe, is as the quantity of attract- 
the ug ſurface in that part multiplied into the abſolute 
pear force; but the quantity of attracting ſurface in any 

part is as the diameter of that part, and the abſo- 

are ute force is reciprocally as the diſtance from the 
2s Of vertex; where fore if A be put to denote the diſtance 
t are ot any part from the vertex, and D the diameter, 
'act- 3d 
Loo : will expreſs the attraction of that part; but 
s the irom the nature of ſimilar triangles, the diameters 
ouch of the circular ſections of a cone, taken at different 
1g 15 diſtances from the vertex, are to one another as the 
eval oY I | | 
1 the diſtances, conſequently 1 is a ſtanding quantity. 
tion- 
con- B 3 Wherefore 


ur ſe. 
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Lec r. Wherefore ſince the attractive force in every part of 


I, 


—— 
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a conical tube is denoted by a quantity which is in- 
variable, it follows that the force is ſo too; fo that 
in this reſpect conical pipes do not differ from thoſe 
of a cylindrical form; but herein lies the difference, 
that in very ſlender pipes where the diameters are 
equal, the attractions of ſuch as are conical do far 
ſurpaſs the attractions of thoſe which are cylindri- 
cal. And indeed ſo exceeding great does this at- 
tractive force become with reſpect to the quantity of 
attracting ſurface in that part of a conical pipe, where 
the diameter is but one part of an inch divided into 
ten millions (if ſuch minuteneſs may be ſuppoſed) 
that if the attraction of a cylindrical tube, whoſe 
diameter! is an inch, were as great with reſpect to 
it's quantity of attracting ſurface, it would be able 
to ſupport a column of water an inch in diameter 
and upwards of- three miles in height. For let us 
ſuppoſe a conical tube, whoſe baſe is an inch in dia- 
meter, to be continued till the diameter is ſo far dimi- 
niſhed as to equal only one part of an inch divided 
into ten millions; it is evident from what was juſt 
now ſaid, that the whole attractive force of ſuch a 
pipe, where it's diameter is an inch, is equal to the 
whole attractive force of the ſame, where the dia- 
meter 1s but the ten millioneth part of an inch; con- 
ſequently if a portion of the larger attracting ſur- 
face be taken equal to the ſmaller : attracting ſurface, 
the force of that will be to the force of this, as the 
force of the ſmaller ſurface divided by the number 
of parts in the larger ſurface, to the force of the 
{ſmaller ſurface, that is, as one divided by ten mil- 
lions to one, If therefore a conical, or indeed a 
Cylindrical tube an inch in diameter (for where the 
diameter is 10 large chere is ſcarcely any difference) 
was indued with an attractive force as great in pro- 
portion to it's quantity of attracting ſurface, as is a 
conical tube of the ten millioneth part of an inch in 
Giarneter, it's force would be ten millions of times 
greatcr 


Or ATTRACTION. 12 


greater than it is, and of conſequence would raife L c Tv 
the water ten millions of times higher than it doth I. 
at preſent: but 1t has been found by experience, that 
in a cylindrical tube of an inch indiameter, the water 
will riſe to the height of about the fiftieth part of 
an inch, and therefore if the force by which it riſes 
was augmented in the forementioned proportion, it 
muſt riſe to the height of two hundred thouſand 
inches, which being divided by ſixty three thouſand 
three hundred and ſixty, the number of inches in a 
mile, gives three and a little more in the quotient. 
The quantities of liquor ſupported by the attracti- 


ons of ſlender conical pipes are to one another, as the 
diameters of the little circular ſurfaces of the elevated 


liquor, applied to the reſpective diſtances of the 
ſame circular ſurfaces from the vertices of the ſeveral 
cones whereof the pipes are portions. For it has been 
proved that the attractive forces of conical pipes are 
as thoſe quantities; and therefore the weights which 
they ſupport muſt be ſo too. Hence it follows that 
the leſs the proportion 1s, which the diſtance of the 


clevated liquor's ſurface from the vertex of the cone 
bears to the diameter of the ſame ſurface, or which 


amounts to the ſame thing, the faſter the ſides 
of the pipe converge, the ſtronger is it's attractive 
torce, and the greater the quantity of liquor which 
is ſupported, 

The firm union and ſtrong coheſion of the par- 
ticies of ſolid bodies ſeems to ariſe from this force, 
wherewlth they mutually attract each other; which 
as it appears to be exceeding ſtrong in the imme- 


| tate contact of the particles, ſo it is found by ex- 


perience to reach but a very little way beyond the 
lame with any ſenſible effect. At very ſmall diſ- 
tances indeed it is ſufficient to raiſe up liquors, as 
allo to produce the many odd and ſurprizing ap- 


pearances which are to be met with in chy mical ope- 


| rations, an which without the aſſiſtance of this and 
| lome other principles, which I ſhall hereafter have 
R 4 occaſion 


| 
| 
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LI c r. occaſion to mention, are utterly inexplicable. For 


want of a due knowledge of theſe powers chemiſts 


Wye have fallen into groſs miſtakes and abſurdities in 


their reaſonings. Thus for inſtance, ſome who were 
unacquainted with the principle of attraction, have 
attempted to give a reaſon for the floating of the 
minute particles of ſolid bodies in menſtruums ſpeci- 
fically lighter than themſelves; by ſaying that there 
is an inteſtine motion in the parts of the menſtruums, 
by vertue whereof the particles of the ſolid bodies 
are driven perpetually from place to place, and by 
that means are kept from falling: not conſidering 
that Sir Isaac NEWTroN has demonſtrated, in the 
nineteenth propoſition of the ſecond book of his 
principles, that fluids have not naturally any inteſtine 
motion; but that, ſetting aſide all external cauſes of 
motion, the particles of fluids are as perfectly at reſt 
as thoſe of ſolid bodies. There is indeed during the 
time of the ſolution a conſiderable motion, but as 
this is occaſioned by the mutual attraction betweer, 
the menſtruum and the body, by means of which 
attraction the parts of the fluid are driven with great 
force between the parts of the ſolid, ſo as to looſen 
and divide them one from another; as ſoon as the 
ſolution is over the motion ceaſes, and all the parts 
are at reſt again, and the particles of the diſſolved 
body are kept ſuſpended by their cloſe adheſion to 
the parts of the menſtruum, and not by any imagi— 
nary motion, wherewith they are toſſed to and tro 
in the manner of a ſhuttle-cock ; and in truth, could 
ſuch an inteſtine motion be allowed, as it muſt be 
made in all manner of directions, it would be as 
apt, nay more apt, conſidering the conſpiring gra- 
vity of the particles, to precipitate and caſt them 
clown, than to raiſe and keep them up. 

Were it not beſide my preſent purpoſe, I could 
produce many more inſtances of falſe reaſonings 1 
the writings of chemiſts, occaſioned by their igno- 
rance of the true principles of nature ; but as _ 
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miſtry is at preſent out of my province, I ſhall 
reſt contented with the ſingle inſtance which I have 
given. 
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AVING in my former Lecture proved from LE c T. 


experiments, that there 1s a power in nature 


II. 


whereby the parts of matter, which are brought ſo wed 


near as to touch, do in ſome circumſtances mutual- 
ly attract each other; I ſhall now treat of ſuch 
kinds of attraction as extend themſelves to conſi- 
derable diſtances beyond the point of contact, and 
on that account affect the mind more ſtrongly, ſo 
as to convince it more fully of the reality of ſuch 
a principle. Of this kind 1s, Firſt, that attraction 
which obtains between glaſs and glaſs. Secondly, 
that of electricity. Thirdly, the attraction of 
magnetiſm. And laſtly, that of gravity ; of all 
which in their order. 


And firſt, if a glaſs bubble be ſet to float on Exp. 1. 


water contained in a glaſs veſſel, at a ſmall diſtance 
from the ſide of the veſſel, it will, from a ſtate of 
reſt, begin to move towards the ſide of the veſſel; 
and it's motion will be cantinually accelerated, ſo 
as to make 1t, upon it's arrival at the fide of the 
veſſel, to ſtrike the ſame with ſome force. 

Perhaps it may be thought, that the motion of 
the bubble ariſes from ſome declivity of the water 
towards the ſides of the veſſel: but whoever obſerves 
the ſurface of the water will find, that it riſes all a- 
bout the ſides of the glaſs, ſo as to become of a con- 
cave figure, and for that reaſon may retard, but can 
by no means promote the motion of the bubble; and 
this riſing of the liquor about the ſides of the veſſel, 
is to be attributed to the ſzme cauſe with the motion 
of the bubble, namely, the attraction of the _ 

The 
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LE c r. The acceleration obſervable in the bubble's motion 
II. ariſes from two cauſes; the firſt is, the continued 


if wW— and uninterrupted action of the attractive force of ar 
1 the glaſs; for if we ſuppoſe the time of the bubbles MT ti 
| 1 motion to be divided into a number of equal parts, 
| i as for inſtance ten 3 and if the attraction of the glaſs ) 
1 be ſuppoſed to make equal impreſſions on the bub- FT q 
k 1 ble in each of thoſe parts of time, it is plain, that tc 
14 whatever be the motion which is excited in the bub- g 
L ble by the impreſſion of attraction in the firſt por- ti 
1 tion of time, the ſame will be doubled in the ſecond, it 
1 tripled in the third, and ſo on continually through al 


the ſeveral portions of time; for the motion pro- 
duced in the firſt portion of time is not loſt, and 


* op 7 N r * $f 8 
— 
—— 


therefore by the addition of as much more in the ſe- le 
( cond portion of time it becomes double, and in the t! 
| ill third triple, and ſo on. Now if inſtead of ten parts | fe 
if we ſuppoſe the time of the motion to be divided in- v 
| to numberleſs parts indefinitely ſmall, in each of | © 
which the attraction of the glaſs makes equal im- 
} preſſions on the bubble as before; the motion will t 
| be continually accelerated, though the attractive 
| force of the glaſs ſhould continue the ſame at all 1 


| diſtances of the bubble; but the attractive force acts 

| more ſtrongly the nearer the bubble approaches, on | 

which account the motion is more and more acce- l 

j lerated the nearer the bubble comes to the glals. [ 

j By electrical attraction, I mean that kind of at- ' 

traction which is excited in bodies when their parts Þ « 
| 
| 
| 


are heated by friction, and which doth not diſcover 
it ſelf by any ſenſible effect when the bodies are 
cold. Of this fort are the attractive forces, which 
amber, roſin, ſealing-wax, and indeed moſt ſul- 

hurous ſubſtances when heated by rubbing, have 

een found to exert towards chaff, feathers, leat- 
gold, lamp-black, and many other light ſubſtances. 
But as the attractions of theſe bodies have fallen 
within the notice of vulgar eyes, I think it needleſs 
to make any experiment for the proof thereof; but 
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the glaſs, being actuated by another force, ve 
ferent from that of attraction, which I ſhall endea- 
vour to explain to you hereafter. 


Or ATTRACTION. 


chooſe rather to lay before you ſome experiments Lex Or. 


which plainly ſhew this power to obtain in glaſs, 


and that to a very notable degree, though it has not 


till of late been commonly obſerved. And firſt, 
If a cylindrical tube of flint glaſs be rubbed briſk- 
ly with brown paper, or woollen cloth till it ac- 
quires ſome degree of heat, and be then held near 
to ſmall pieces of gold or braſs leaf; they will be- 
gin to move, and ſome of them will fly towards the 
tube with great ſwiftneſs, and fix themſelves upon 
it ſo as to adhere thereto, being acted upon by the 
attractive force of the glaſs : whilſt others, during 
their aſcent towards the tube, will, before they can 
reach the ſame, be driven backward with great vio- 
lence, as will likewiſe ſome of thoſe which touch 


dif- 


The hotter the 
tube is made by rubbing, the farther doth it's power 


reach, ſo as in ſome caſes to act upon the leaf at 


the diſtance of a foot or more. 


This electrical attraction of glaſs doth in like 
manner appear from the following experiments, 


If over a globe of glaſs fixed on an axis, whoſe Exp. 2. 


poſition is horizontal, a parcel of woollen threads 
be ſuſpended from a ſemicircular wire, ſo as that 
their lower ends may be diſtant an inch or a little 
more from the globe, they will, ſuitably to the na- 
ture of all heavy bodies, hang down perpendicular 
to the horizon, and parallel to each other; if then 
the globe be moved pretty briſkly round it's axis, 
the threads will immediately change their poſition, 
ſo as to have their ends bent a little upward, point- 
ing that way towards which the motion tends; the 
rotatory motion of the globe being communicated 
to the circumambient air wherein the threads hang, 
and by means thereof in ſome meaſure to the threads 
themſelves. Let then an hand be applied to the 
lower part of the globe, fo as to rub the ſame, and 
2 as 
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Lt c r. as ſoon as it grows warm from the friction, the 


II. 


threads, which before were crooked, will dart them- 


Wy ſclves out into ſo many ſtrait lines, all pointing to- 


wards the center of the globe; but as ſoon as the 
attrition ceaſes, and the globe cools, they quit this 
direction, and return to their former poſition; 

whence it evidently appears that they are attracted 
by the glaſs, ſince they are made to point towards 
it's center, notwithſtanding the contrary directions 
that were given them, by the motion of the air and 
the force of gravity. In this and the two following 
experiments there is one remarkable circumſtance, 

which though 1t does not concern the matter in hand, 
yet, becaufe I ſhall have occaſion to have recourſe 


to it hereafter, I ſhall, to prevent the repetition of 


experiments, take notice of it here. And it is this; 
if while the threads are extended, and acted upon 
by the attraction of the globe, a finger be move:] 
towards the extremity of any of them, they wil! 
immediately recede and fly: from the touch, and 
this they will do upon every. approach of the 
finger. 

It the axis of the globe, inſtead of being g parallel 
to the horizon, be placed perpendicul ar then reto, and 
the ſemicircular wire which ſupports the threads be 
in the plane of a circle parallel to the horizon, tlie 
threads mult, by reaſon of their gravity, hang down 


in lines parallel to the axis of the globe; yet as toon 


as the motion and attrition are given to the globe 
as before, the threads will be given to raiſe and ex- 
tend themielves towards the center of the globe, 
and appear like ſo many rays converging towards 
that center in a plane parallel to the horizon: ſo 
that in this caſe, the attractive. force of the glaſs 
does not only draw the threads out of the parallel 
poſition they have to each other, but likewiſe raiſes 
them up in a poſition parallel to the horizon, not- 
withſtanding the force of gravity, which is con- 
ſtantly acting upon them, to carry them down. 
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If the threads, inſtead of being placed without the LE c T. 


globe, be fixed to the axis at the center, and be of 


ſuch a length as to reach within about an inch of 1 
XP. 4. 


the ſurface; when the globe is turned round, they 
will bend back ward, contrary to the direction of the 
motion; becauſe the included air, though it does in 
ſome meaſure partake of the rotation of the globe, 
yet doth it not move with equal ſwiftneſs, and for 


that reaſon, mult reſiſt the rotation of the threads, 


and bend them backward. 
in this ſtate, if the attraction of the glaſs be excited 


When the threads are 


by attrition, as in the two laſt experiments, they 


will ſtraightway extend themſelves towards the con- 
cave ſurface of the globe, conſtituting, as it were, 


ſo many rays iſſuing from the center, and diverg- 
ing from one another in a regular manner. 


II. 


The reaſon why the threads, in all theſe experi- Exp. 5. 


ments, are {ſtretched into lines, tending either to or 
from the center of the globe, ſeems to be this. 


Whatever be the force wherewith the globe acts on 


the threads, the direction of it mult be perpendi- 
cular to the ſurface of the globe; conſequently, in 
the ſame direction muſt the threads move; but 
from the nature of the globe thoſe, and thoſe lines 
only, are perpendicular to it's furface, which either 
iſſue from or tend towards the central point. 
Having ſaid thus much concerning electrical at- 
traction, I now proceed to that of magnetiſm. Many 
and ſurpriſing are the properties both of the load- 
ſtone and magnetical needle, which however I ſhall 


not here cotifider 1 my intent at preſent being only. 


to ſhew from experiment the law of magnetical at- 
traction ; or in other words, to ſhew in what pro- 
portion the attractive power of the loadſtone varies, 
according to the different diſtances of the iron which 


it attracts, And in order to this, let a loadſtone be Exp. 6. 


ſuſpended at one end of a balance, and counter- 


poiſed by weights at the other; let a flat piece of 
on be placed beneath it, at the diſtance of four 


tenth 


or ATTRACTION. 


Le r. tenth parts of an inch, the ſtone will immediately 


deſcend, and adhere to the iron: let the ſtone again 


e removed to the ſame diſtance, and a weight of | 


four grains, and four tenth parts of a grain, be 
thrown into the ſcale at the other end of the balance; 
this weight will be an exact counterbalance to the 
attractive force, and prevent the deſcent of the 
ſtone ; but if any part of the weight be taken out, 
the attraction will prevail, and carry the ſtone down. 
If the ſtone be placed at half the former diſtance, 
that 1s to ſay, at the diſtance of two tenth parts of 
an inch above the iron, the weight neceſſary to hin- 
der it's deſcent will be about ſeventeen grains and 
an half, that is four times as much as before. Con- 
ſequently, the attractive force of the ſtone at the 
ſingle diſtance from the iron, is to the ſame at the 
double diſtance. as four to one, that 1s reciprocally 
as the ſquares of the diſtances. 

Perhaps it may be objected, that Sir Isaac 
NzwrTon (to whoſe judgment in natural affairs the 
utmoſt regard 1s due) has ſaid that the power of the 
loadſtone decreaſes nearly in the triplicate ratio of 
the increaſe of the diſtance. But whoever conſiders 
his words in the fifth corollary of the ſixth propo- 
ſition of the third book of his principles, where he 
mentions this law, will find that he ſpeaks of it 
with diffidence, as a thing which he rather gueſſed 
at from ſome rude obſervations, than collected from 
accurate experiments, for his words are, Et in receſ- 


ſu a magnete decreſcit in ratione diſtantiæ non duplica- 


td, fed fere triplicatd, quantum ex craſſis quibuſdan 
obſervationibus animadvertere potui. So that not- 
withſtanding this objection, I ſhall ſtill venture to 
affirm, the law of magnetical attraction to be ſuch 
as makes 1t act with forces which are in the reci- 
prove duplicate ratio of the diſtance. Becauſe this 
aw is deduced from an experiment made with ſuf- 
ficient exactneſs, and which does not ſeem liable to 


any Exception. | 
Though 
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Though the principle of gravity, which comes LER Cr. 


ately =» 

— next to be treated of, be diffuſed throughout the ſo- II. 
it of lar ſyſtem, and may probably be extended ſo far as ww 
+ be | to reach the other ſyſtems of the univerſe; yet ſhall 
ice; I conſider it at preſent with reſpect only to the 
o the globe of earth, which we inhabit; the parts where- - 
the þ © of would by reaſon of the diurnal rotation be apt to 
out, fly aſunder, were they not kept together by the in- 
own, fluence of this principle; whereby likewiſe all bo- 
ance, dies on or near the ſurface of the earth, are made 
-t« of do tend towards it's center. This power at equal 

\ hin. _ diſtances from the center of the earth is always pro- 
and portional to the quantity of matter in the bod 
Con. whereon it acts; for all bodies, the light as well as 
it the heavy, being let fall from the ſame height deſcend 
t the with equal ſwiftneſs, provided they meet with no 
xcally Þ* reſiſtance from the air, as will appear from the fol- 

lowing experiment. Let a piece of gold and a fea- Exp. 7. 

ether be let fall from the top of an exhauſted receiver 
rs the at the ſame inſtant of time, and they will both ar- 
ff the rive at the bottom at the ſame time very nearly. 

= of The reaſon why the feather doth not reach the 
\Gders bottom quite ſo ſoon as the gold, is, that the re- 
ropo- cerver cannot be perfectly exhauſted, and there- 
25 fore the ſmall portion of air which remains within, 
n though very much rarified, gives ſome ſmall re- 
ueſſed J ſiſtance to the deſcending bodies, which ſuitably 
720 to the nature of all reſiſtance mult retard the light- 
receſs er body more than the heavier; and conſequently 
uplica cauſe ſome little difference in the times of the de- 
dan ſcent, which otherwiſe would be exactly equal. 

s. Hor This then being the caſe, it evidently follows, 
ure to that the forces of gravity, whereby bodies deſcend, 
» ſack muſt at equal diſtances from the center be as the 
e reci- qhantities of matter in the deſcending bodies; 
{> this tor if a certain force of gravity be requilite to car- 
ch ſuf⸗ ry down a certain quantity of matter with a cer- 
ble to tain ſwiftneſs, then is double the force neceſſary to 


hough 


carry down a double quantity of matter with 
the 


22 


Lor. the ſame ſwiftneſs; and triple the force to carry | 
down a triple quantity, and ſo in proportion, 
Wand whatever be the quantity of matter: ſo that the | 
weights of bodies, at equal diſtances from the cen- | 
ter of the earth, are always proportional to the | 
e x of matter which they contain; and there- 
ore, the quantity of matter in any body may be Þ* 


II. 
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meaſured by it's weight. 

The gravity of a body, at any place beneath the 
ſurface of the earth, has been proved by Sir I. New- 
TON to be directly as the diſtance from the center; 
that is, ſuppoſing the earth's radius to be four thou- 
ſand miles, a body, which on the ſurface of the 


earth weighs a pound, will within the earth, at the 


diſtance of two thouſand miles from the center, 
weigh only half a pound, at the diſtance of one 
thouſand miles only a quarter, and ſo on till at the 
center it loſcs all it's gravity. 

It has been likewiſe proved, that the force of gra- 
vity on the ſurface of the earth, and all diſtances 
beyond it, is in the reciprocal duplicate ratio of 
the diſtance from the center; that is, if a body 
weighs a pound at the ſurface of the earth, whole 
diſtance from the center is four thouſand milcs, 
it will at double that diſtance weigh only a quar- 
ter of a pound, and at triple the diſtance, only 
the ninth part of a pound, and ſo on, whatever 
be the diſtance the force of gravity will be reci- 
procally as the ſquare of the diftance, For 1s it 
not highly rational that the power of gravity, 
whatever it be, ſhould exert it {elf more rigoroully 
in a {mall ſphere, and weaker in a greater, in pro- 
portion as it is contracted or expanded; and it fo, 
{ſeeing that the ſurfaces of ſpheres are as the ſquares 
of their radii, this power at ſeveral diſtances muſt 
be as the ſquares of thoſe diſtances reciprocally, 
Though, ſtrictly ſpeaking, this be the law of gra- 
vity, yet where the diſtances from the ſurface arc 
inconſiderable with reſpect to the carth's "OO 
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the force of gravity may be looked upon as equal LE r. 
at all thoſe diſtances; thus for inſtance, the gravi- II. 
ty of a body at the diſtance of half a m e from the 
earth may be looked upon as equal to ae gravity 
thereof at the diſtance of a quarter of a mile; or 
gat the very ſurface; be:auſe the difference is ſo 
* (mall, that if it be rejected it will not occaſion 
any error in. calculations. And indeed on this 
ſuppoſition are founded moſt of the reaſonings of 
> GALLILA0, ToRRICELLIUs, HuyGEns, and 
other naturaliſts concerning the deſcent of heavy bo- 
dies; and by the help of the ſame ſuppolition 
have the ſeveral theorems been formed relating to 
the acceleration of falling bodies, the ſpaces de- 
' ſcribed, the times of the fall, and the velocitics 
thereby acquired; as I ſhall now ſhew you. 
If the force of gravity whereby a body deſcends 
remains unvaried, the motion of a body falling by 
ſuch a force will be accelerated, and that uniform- 
ly; that is the velocity will increaſe, and the incre- 
ments thereof in equal times will be equal. For 
let us ſuppoſe the time of the deſcent to be divided 
into a number of equal parts indefinitely ſmall, in 
each of which by ſuppolition, the force of gravity 
makes equal impreſſions on the body to carry it 
down; whatever velocity therefore the body re- 
© ceives from the impreſſion of gravity in the firſt 
portion of time, it mult receive as much in eve 
other portion; ſince therefore ſetting aſide all out- 
ward lets and obſtacles the effect of every impreſſion 
remains, the velocity given in the firſt portion of 
time, will be doubled in the ſecond, tripled in the 
third, quadrupled in the fourth, and ſo on continu- FX 
ally through the ſeveral portions of time. So that | 
the velocity of a body falling by the force of gravi- | 
ty will conſtantly increaſe in the ſame proportion 11 
with the time of the deſcent. Or in other words, 
the motion of a body carried down by the force of | 
gravity will be uniformly accelerated ; and the ve- N 
| locities 
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Lec r. locities acquired will be as the times of the deſcent 
from the beginning of the fall. | 

From what has been ſaid it follows, that if a | 


II. 


2. 


Fig. 3. 
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right line as A B be ſuppoſed to denote the time 


of a body's fall, and another right line as BC | 
ſet at right angles to the former, to expreſs the ve- 


locity acquired by the falling body in the time de- 
noted by AB. The triangle A BC being com- 
pleted, and another right line as DE drawn pa 
rallel to BC, then will DE denote the velocity 
acquired by the falling body in a portion of time, 
which is to the time denoted by A B, as A D to 
AB. For from the nature of ſimilar triangles, 


AB is to AD as BC to DE; but BCexpreſles 


the velocity acquired where the time is as A B, con- 
{equently, fince the velocities are as the times of the 
deſcent, D E will expreſs the velocity acquired in 
the time denoted by A D. 

And what has been thus proved of the line DE, 
is in ike manner true of any other right line, as F G, 
or HI, drawn within the triangle parallel to the 
baſe; for FG and HI will expreſs the velocities 
acquired in the times denoted by A F and A H. 

The ſpaces deſcribed by bodies falling from a 
ſtate of reſt by the force of gravity are to one ano- 
ther as the ſquares of the times from the beginning 
of the fall, In the triangle ABC, let A Bex- 
preſs the time of a body's fall, and B C the velocity 
acquired at the end of the fall, let AB be divided 
into a number of equal parts indefinitely ſmall ; 
and from each of thoſe diviſions ſuppoſe lines, as 
DE drawn parallel to BC; it is evident from 
what has been ſaid, that thoſe lines will expreſs the 
velocities of the falling body in the ſeveral reſpec- 


tive points of time; which velocities, inaſmuch as 


the body 1s given and the portions of time are in- 
definitely ſmall, will be as the reſpective ſpaces 
deſcribed in thoſe times: but the ſum of the ſpaces 
deſcribed in all the ſmall portions of time is equal 
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fall; and the ſum of all the lines, as DE taken in- II. 


definitely near each other conſtitute the area of tñge 


triangle. And therefore the ſpace deſcribed by a fal- 
ling body in the time expreſſed by A B, and where 
the velocity acquired at the end of the fall is denoted 
by BC, will be as the area of the triangle ABC. 
And for the ſame reaſon the ſpace deſcribed by a 
falling body in the time exprefſed by A D will be 
as the area of the triangle ADE. But from the 
nature of ſimilar triangles theſe areas are to one an- 
other as the ſquares of their homologous ſides ; that 
is, as A B to AD, or as BG to DEA. But AB 
and A D expreſs the times of the fall, and BC and 
DE the velocities acquired by the fall; where- 
fore the ſpaces deſcribed by a falling body are 
as the ſquares of the times from the beginning of 
the fall, or as the ſquares of the velocities at the 
end of the fall. And what has been thus demon- 
| ſtrated from the nature of gravity is likewiſe con- 
- firmed by experiments. For if a weight of eleven Exp. 2 
hundred grains be let fall from the height of three 
inches, ſo as to ſtrike one end of a balance; its 
force will be juſt ſufficient to raiſe a pound weight 
at the other end of the balance to the height of 
about the eight or tenth part of an inch; whereas 
if the ſame body be required to raiſe a weight of 
two pounds to the ſame height, it muſt be let fall 
from the height of twelve inches; and if the weight 
to be raiſed be three pounds,then muſt the moving 
body fall from the height of twenty ſeven inches, 
for leſſer heights will not ſuffice, as will appear from 
the experiment. 
The forces where with the deſcending body ſtrikes 
the end of the balance are meaſured by the weights 
that are raiſed; which in this caſe are as one, two, 
and three; but the forces where with one and the 
lame body ſtrikes, are as the velocities of the body, 
Wherefore in the caſe before us the velocities * 
C 2 1 
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beginning of the Lz c T. 
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L x c T. by the falling body are as one, two, and three; but 


II. 


the heights from which it deſcends in order to ac- 


w— quire thoſe velocities are as one, four, and nine; 


Exp. 9. 


that is as the ſquares of the velocities. . 

If this experiment be repeated with a body 
double in weight to the former, to wit, with one 
of twenty two hundred grains ; the weights raiſed 
by the ſtrokes will be two, four, and fix pounds, 
to wit, double the former. 

From this experiment appears the truth of that 
rule, which collects the quantity of motion in any 
body by multiplying the velocity of the body into 
it's quantity of matter. For the force of a ſtroke 
is, ceterts paribus, always proportional to the quan- 
tity of motion 1n the ſtriking body ; conſequently 
in like circumſtances the motions of bodies may be 
meaſured by the force of their ſtrokes ; but it has 
appeared from the experiment that where the ſtrik- 
ing body 1s as unity, and the velocities wherewith 


it moves at the times of the ſtrokes 3 as one, two | 


and three; the forces of the reſpective ſtrokes are 
likewiſe as one, two and three. But where the 
body is as two, the ſtrokes are as two, four and fix: 
that 1s, in both caſes the ſtrokes are as the products 
ariſing from the multiplication of the quantities of 
matter in each body into the reſpective velocities; 
wherefore the quantities of motion are as thoſe pro- 
ducts. Whence as a corollary it follows, that if 
the weight of one body multiplied into it's ve- 
locity gives an equal product ro what ariſes from 
the multiplication of the weight of another body 
by it's velocity, the motions of thoſe two bodies are 
equal; and this will ever be where the weights of 
the bodies are reciprocally proportional to their ve- 
locities. Thus when the body whoſe weight was a 
unity, was let fall from the height of twelve inches, 
and thereby acquired a velocity which was as two; it 
raiſed a two pound weight, which was likewiſe raiſed 
by the body whoſe weight was as two, when by fall 
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ing from the height of three inches, it had acqui- * 


red a velocity which was as unity. 
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8. 


From what has been proved concerning the ſpaces 


deſcribed by falling bodies it follows, that if the 
time of a body's fall be divided into a number of 
equal parts, the ſpaces through which it falls in each 
of thoſe parts of time taken ſeparately and in 
their order, beginning from the firſt, are as the 
odd numbers taken likewiſe in their order, begin- 
ning from unity. For inſtance, if the time of the 
fall be four ſeconds, the ſpace deſcribed in the firſt 
of thoſe ſeconds will be as one, in the ſecond as 
three, in the third as five, and in the fourth as ſe- 
ven ; for where the times of the fall are as one, two, 
three and four; the ſpaces deſcribed are as one, 
four, nine and ſixteen ; and therefore if from the 
ſpace deſcribed in two ſeconds, to wit, four, be ſub- 


2 dudted the ſpace deſcribed in the firſt ſecond, to wit, 


one, the remainder, to wit, three, will be the 
ſpace deſcribed in the next ſecond. And if from 


nine, which is the ſpace deſcribed in three ſeconds, 


be taken four, which is the ſpace deſcribed in two 
| ſeconds, the remainder, which is five, will be the 


| 2 deſcribed in the third ſecond. 
0 


| In like manner 
bducting nine, the ſpace deſcribed in three ſeconds, 


from ſixteen, which is the ſpace deſcribed in four 
| ſeconds, the remainder, to wit, ſeven, will be the 


{pace deſcribed in the fourth ſecond ; and ſo on ac- 


| cording to the number of parts into which the time 


of the fall is divided. 
From what has been ſaid it likewiſe follows, that 


the velocity acquired by a falling body at the end of 


the fall is ſuch as with an cquable motion would in 
the ſame time in which the body fell,carry it through 


A ſpace double that of the fall. That the truth of this 


may be made appear, it is neceſſary that ſome things 
be premiſed concerning the ſpaces deſcribed by bo- 
dies carried with an equable motion. And firſt, if 
the velocity of a body movinguniformly be given, 


C 3 the 
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Lor. the ſpace deſcribed will be as the time of the mo- 


tion; for if a body with a given velocity moves 


[[ through a certain ſpace a foot, for inſtance, in a ſe- 


cond of time, it will in two ſeconds, with the ſame 
velocity, move through two feet, and through three 
feet in three ſeconds, and ſo on, whatever be the 
time, the ſpacedeſcribed will be proportional thereto, 
On the other hand, if the time be given, the ſpace 
deſcribed will be as the velocity; for if a body in 
a given time moves through the ſpace of a foot with 
a certain velocity, with double the velocity it will 
paſs through the ſpace of two feet, and with triple 
the velocity through the ſpace of three feet, and fo 
on, whatever be the velocity, the ſpace deſcribed will 
be in the ſame proportion. But if neither the time 
of a body's motion, nor the velocity wherewith it 
moves be given, the ſpace deſcribed will be as the 
time and velocity conjointly; for if a body moving 
with a certain velocity runs through a certain ſpace 
in a certain time, it follows from what has been ſaid, 
that if the time be increaſed or diminiſhed in any 
proportion, in the ſame alſo will the ſpace be increaſ- 
ed or diminiſhed, ſuppoſing the velocity to remain 
the ſame, but if that likewiſe be changed, it is plain 
that the ſpace will be changed in the ſame propor- 
tion ; and therefore univerſally the ſpace deſcribed 
by a body moving equally is as the time and velo- 
city conjointly. For which reaſon, if in the rect- 
angle, one fide, as AB, be ſuppoſed to denote the 
time wherein a body moves equally, and BC the 
velocity wherewith it moves, the rectangle AB CD 
will be as the ſpace deſcribed ; but the triangle 
ABC of the ſame figure, is as the ſpace deſcribed 
by a falling body in the time denoted by A B, and 
BC is as the velocity acquired at- the end of the 
fall; and the rectangle A BCD is double the tri 
angle A B C, conſequently the velocity acquired 
by a falling body is ſuch as will carry the body with 
an equable motion in the time of the fall through 
double the ſpace of the fall. | =." 


mo- 


\oVes 
a ſe- 
ſame 
three 
> the 
ereto. 
ſpace 
dy in 
with 
t will 
triple 
nd ſo 
d will 
> time 
71th it 
as the 
oving 
ſpace 
n faid, 
in any 
acrea(- 
emain 
s plain 
ropor- 
ſcribed 
J velo- 
e rect- 
te the 
C the 
BCD 
riangle 


{ſcribed 


and ſince of the two 


Or ATTRACTION. 


poſition to the motion of ſuch as aſcend; and 


therefore in whatever manner it accelerates the one, 
in the very ſame manner mult it retard the other. 
> Whence it follows, that if a body be thrown di- 


rectly upward, the time of its riſe will be equal 
to that wherein a body falling freely from a ſtate of 


reſt, acquires the ſame velocity wherewith the body 


is thrown up. For ſince the action of gravity is 
conſtant and uniform in whatever time it generates 
any velocity in a falling body, in the ſame time muſt 
it deſtroy that velocity in a riſing body; and there- 


fore the time of the riſe muſt be equal to that of 
the fall. It likewiſe follows that the height to which 
a a body thrown upward riſes is equal to that from 


which a body falling freely does at the end of the 
fall acquire a velocity equal to that wherewith the 
body is thrown up. For ſince the times in which 


the velocity of the falling body is generated, and 


that of the riſing body is deſtroyed, are equal: 
equal velocities one 1s gene- 
rated and the other deſtroyed by the conſtant uni- 
form action of one and the ſame power; it is mani- 
teſt that whatever be the ſpace through which the fal- 
ling body moves in order to acquire it's velocity, the 


riſing body muſt aſcend through an equal ſpace in 
order to loſe it's velocity; that is it muſt riſe to the 


lame height from which the other falls. 
The force of gravity at the ſurface of the earth is 


| ſuch as, ſetting aſide the reſiſtance of the air, makes 
a body falling from a ſtate of reſt to deſcend through 


a ſpace of ſixteen feet and an inch in a ſecond of 


| time. For the time wherein a pendulum performs 


It's ſmalleſt vibrations is to the time in which a body 


falls chrough half the length of the pendulum as the 
Ha r 


CIICUIN® 


As the motion of bodies falling from a ſtate of Lzcr. 
* reſt is uniformly accelerated; ſo likewiſe the motion 
of bodies thrown upward is uniformly retarded ; wy ww 
for the ſame force of gravity, which conſpires with 
the motion of deſcending bodies, acts in direct op- 
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LES r. circumference of a circle to it's diameter (as ſhall be] 


II. 


ſhewn when I come to treat of the pendulum!) 


= wherefore ſince the ſpaces deſcribed by falling bo- 


dies are as the ſquares of the times, and ſince the 
diameter of a circle expreſſes the time which a 
body takes to fall through halt the length of a pendu- 
lum vibrating ſeconds, when the circumference ex 
preſſes a ſecond ; it follows that as the ſquare of the 
diameter is to the ſquare of the circumference, fo is 
half the length of the pendulum to the ſpace through 
which a body falls in a ſecond of time. 
putting D to denote the diameter of a circle, which 
15 as unity, P the periphery which 1s as 3,1416, LF 
the length of the pendulum vibrating ſecond; F 
which is 39+ inches; and S to denote the ſpace | 
- 
ſought; we ſhall have this analogy D* : P* : —:SÞ 
e 2 
Conſequently S or rejecting the diviſor a 


being equal to unity S=P*$P=193 inches or fix F 
teen feet and an inch. | 

Before I quit this ſubject I muſt obſerve to you 
that bodies do not every where deſcend at the rate 
of ſixteen feet and an inch in a ſecond of time, but in 


ty nine degrees; in places more diſtant from the 
line the deſcent is quicker, and more flow in thoſ: 
leſs diſtant. For the force of gravity is leſs to- 
wards the æquator than towards the poles, as has 
been collected from obſervations made on pendu- 
lums; for they have been found to vibrate more 
lowly near the line than in places farther remove; 
inſomuch that a pendulum which in the latitude ot 
Paris vibrates ſeconds, muſt be ſhortened one fixti 
of an inch French meaſure in order to it's vibrating 
ſeconds under the line. And the length of a pen 
dulum which in the latitude of Paris performs: 
it's vibrations in a ſecond, is to the length of : bo 
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dulum whoſe vibrations are performed in the ſame Lr. 
time under the line as 220 to 219. Since therefore 
the forces of gravity which actuate pendulums that 


vibrate in equal times are to one another as the 


lengths of the pendulums (as ſhall be ſhewn when I 
come to treat of pendulums) it is evident that the 


force of gravity in the latitude of Paris is to the 
ſame force under the line as 220 to 219. And 


indeed it has appeared from a great number of ob- 


ſervations that the force of gravity is leaſt at the 
æquator, and that 1t continually increaſes as we re- 
cede from thence and approach the poles, under 
which it is greateſt of all. And the chief cauſe of 
this difference is the rotation of the earth abour it's 
axis, whereby all bodies on or near the ſurface of the 
earth are endued with a centrifugal force, which acts 
in oppoſition to that of gravity, and of courſe muſt 
leſſen the ſame; and the diminution of gravity ari- 


* ſing from this cauſe muſt be greateſt under the 


æquator, and grow leſs and leſs in the approach 
to the poles: and that for two reaſons, firſt, be- 
cauſe the centrifugal force 1s greateſt at the æqua- 


tor, and from thence towards the poles is continual- 
* ly diminiſhed ſo as at laſt to vaniſh in the polar 
points. For all parts of the earth's ſurface with the 
bodies thereto adjacent revolve in the ſame time ei- 


| ther in the æquator or in circles parallel thereto ; 


but the æquator is the largeſt of all thoſe circles, 
and the others grow leſs and leſs as they are more 
and more diſtant from the æquator. Now the 
* centrifugal forces of bodies revolving in the ſame 


time in different circles being to one another as the 


: radii of the circles (as ſhall be ſhewn when I come 
to treat of thoſe forces) it follows that the centri- 


tugal force muſt be greateſt at the æquator, and 
thence be continually diminiſhed towards the poles. 
To illuſtrate this, let A B be the axis of the earth 


the radii of ſo many circles parallel to the æquator, 
1 the 


„Fig. 6. 
K the radius of the æquator, DI, EH and FG ig- 6 


LE cr. the centrifugal 
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forces in the 


int K, that 1s at the zquator, and at ] 
it is leſs than at K, and at H leſs than at I, and 
leſs again at G, and fo on till at length it vaniſhes at 
the polar point where there is no rotation. Whence 
it is evident that the force of gravity muſt be 
ſmalleſt under the line, and muſt increaſe towards 
the poles, inaſmuch as the force which acts in op- 
poſition to it is greateſt under the line and leſſens in 
the approach to the poles. The force of gravity 
muſt likewiſe be leſs under the æquator than in any 
other place, becauſe under the line the centrifugal 
force acts in direct oppoſition to the force of gravity, 
whereas in other places it acts in an oblique direction 
to that of gravity, and of conſequence muſt act leſs 
powerfully againſt it. Thus in the point K the 
force of gravity- pulleth from K towards C whilſt 
the centrifugal force pulleth directly contrary from 
C towards K ; whereas in the point L gravity pul- 
leth from L towards C, whilſt the direction ihe 
centrifugal force is from O towards L. Let the 
centrifugal force in the point L be expreſſed by the 
line LM, and to CL continued to N let fall the 

ndicular MN. The force LM, according to 
the known method of reſolving forces, of which I 
ſhall ſpeak hereafter, may be reſolved into two forces 
denoted by the lines N M, and LN; whereof the 
latter only acts in oppoſition to gravity as pulling 
directly againſt it; the other no way affecting the 
ſame: conſequently, ſuppoſing the centrifugal force 
at L to be the ſame as at K, yet will the force of 
gravity be leſs diminiſhed by it at L than at K, 
becauſe at L part only of the centrifugal force re- 
ſiſts that of gravity, whereas at K the whole cen- 
trifugal force acts in oppoſition thereto. 

From what has been ſaid it follows, that the force 
whereby gravity is leſſened in the æquator is to the 
force whereby it is leſſened in any other part of 1 

earth's 


points K, I, H, G, are : 
as thoſe radii; ſo that the centrifugal force is great. 
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re eearth's ſurface as the ſquare of radius to the ſquare 
t- of the ſine of the complement of latitude, For the 
I © © centrifugal force in the point K, the whole of which 
d acts in oppoſition to gravity, is to the centrifugal 

force in I point L, as CK or CL to O L; but the 
de whole centrifugal force in Lis to that part of it which 
x © oppoſes gravity, as L. M to LN,, that is, becauſe the 
Is triangles LN M and COL are ſimilar, as CL to 


> ©. OL; wherefore the centrifugal force or the force 
in which oppoſes gravity in the point K is to that part 
ty of the centrifugal force which oppoſes gravity in 
* the point L in the duplicate ratio of C L to OL. 
al that is, as the ſquare of radius to the ſquare of the 


y, © fine of the complement of latitude. 
LECTURE III. 


Or RERPULSsTON AN p CENTRAL FORCES. 


S experience has convinced us that there are IR C. 
Powers in nature, whereby not only the lar- IIII. 
ger ſyſtems and collections, but likewiſe the ſmaller 
parcels and particles of matter are in ſome caſes 
made to tend to one another; the ſame experience 
will inform us of other powers in nature, whereby 
the parts of matter do in ſome circumſtances recede 
and fly from each other. For if the diſagreeing Exp. 1. 
pole of a loadſtone be moved towards a magnetical 
| needle floating on water, the needle will recede ; and 
the nearer the ſtone is brought to it, with the greater 
violence and precipitation will it fly off; the repelling 
power, like the attractive, exerting itſelf with fi 
greater vigor at ſmaller diſtances. 

This repelling power is likewiſe evident from the 
experiments which were made relating to electrical 
rce FW attraction : for it was obſervable that upon holding 
he the glaſs tube, when heated by friction, nigh ſmall 
che pieces of braſs-leaf ; ſome of thoſe pieces w SY 

| e 
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LE cT. the attraction had been raiſed towards the tube, 4 


a Od 


were, before they could reach it, driven back again 
with great precipitation : and of thoſe which ad- 
hered to the tube ſome were thrown off with a ve- 
locity much greater than could poſſibly ariſe from 
the force of gravity in ſuch light bodies, and conſe- 
quently muſt have been driven down by ſome re- 
pelling power in the glaſs. And in the experiments 
of the glaſs-globe and woollen threads; when the 
threads were, by the attractive force of the globe, 
made to extend themſelves towards it's ſurface, upon 
moving one's finger towards them, they were ob- 
ſerved to recede and fly off, and that at conſiderable 
diſtances from the finger ; which plainly argues a 
repelling power interceding the finger and the 
threads, when under the circumſtances of thoſe ex- 
periments, From this power it 1s, that the leaves of 
the ſenſitive plant ſhrink and retire from the touch 
of an approaching hand. And to the ſame power 
we are to attribute the elaſticity of the air; as 
alſo the ſhaking off of the particles of light from 
the ſun and other luminous bodies. 

Beſides the forementioned principles of attraction 
and repulſion, whereby nature ſeems to perform 
moſt of her operations, and which for that reaſon 
are very properly ſtiled active principles; there is 
another of a paſſive nature, commonly called the 
vis inſita and vis inertiæ of matter, a force ariſing 
from the inertneſs or inactivity of matter; which 
force in any body is proportional to it's quantity of 
matter. From this force reſult three paſſive laws oi 
motion, uſually called by modern naturaliſts the 
three LAWS OF NATURE.“ 


The 


2 By virtue of the wis inertiæ it is, that the motion of a body 
produced by a force impreſſed upon it, is meaſured by the quai 
tity of matter in the body and it's velocity, taken together. For 
the body by it's vis inertiæ, reſiſts the force impreſſed upon it 
which cauſes it's motion, in proportion to it's quantity of matter; 
and conſequently, to produce a given tendency in * boy 
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The firſt of theſe laws is, That every body, in LE r. 


35 


i proportion to it's quantity of matter, perſeveres in III. 


> 
* 
* 
— 
v 
«.- 
- 


it's preſent ftate, whether it be of reſt or uniform WY 
motion ſtraight forward in a right line. For as eve- 


ry particle of matter is with reſpect to itſelf perfect- 


| ly unactive, it is utterly impoſſible it ſhould produce 


any alteration in it's own ſtate ; for which reaſon 
(ſetting aſide all impreſſions from external cauſes) 
if it be at reſt, it muſt continue ſo for ever; or if 
in motion, it muſt for ever continue it's motion 


without any change either as to direction or veloci- 


ty: ſo then the continuation of motion in bodies 
projected, (the cauſe whereof very much perplexed 
the naturaliſts of old) 1s to be attributed to the paſ- 
five nature of matter, which makes it as impoſſible 
for a body of it ſelf to ſtop it's own motion when 
once begun, as it is for it to move it ſelf originally, 
or of it ſelf to change it's figure. 

As a conſequence of this law it follows, that all 
motion is of it ſelf equable and rectilineal. For 
firſt whatever be the velocity wherewith a body be- 
gins to move, the ſame velocity muſt continue du- 
ring the motion, unleſs a change be made therein 
by ſome cauſe from without; wherefore the body 


forward, by whch it movesat a given rate or with a-given velo- 
city, the force impreſſed mult be proportional to the veſiſtance 
ariſing from it's vi, znertie, that is, to it's quantity of matter; 
and if the quantity of matter in the body, and conſequently the 
reſiſtance ariſing from it's vis inertiæ, be given, the force im- 
preſſed will be proportional to the tendency forward which it 
communicates to the body, that is to it's velocity; and if neither 
the quantity of matter in the body, nor it's velocity be given the 
force impreſſed will be in a ratio compounded of the quantity of 
matter and velocity; that is, putting F for the force impreſſed, 
Q for the quantity of matter in the body, and V for it's veloci- 
ty, F will be as Qx V. But the motion of the body is the ef- 


ect produced by the force F, and is proportional to it, that is, 
putting M for the motion of the body, M 1s as F. And therefore, 
by proportion of equality, M will be as Q x V ; or the motion 


of the body will be meaſured by it's quantity of matter and velo- 
| City taken together. 
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LE c r. muſt in equal times move through equal ſpaces with þ * 
III. | 
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Fig. 8. 
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an uniform. velocity; that is, the motion muſt be 
uable. And as motion is by vertue of this law in it 
ſelf equable ; ſo is it likewiſe rectilineal: for moti- 
on cannot otherwiſe be conceived than as directed 
and determined towards ſome place or other; and 
it muſt by the foregoing law keep the direction 
which it had at firſt, until it be hindred or put out 
of it's way by ſome extrinſic cauſe, that is, 1t muſt 
move on in a right line. If therefore a body moves 
in a curve, that curvature muſt of neceſſity pro- 
ceed from ſome external force continually acting on 
the body; and whenever that force ceaſes to act, 
the body will move forward in a right line touch- 
ing the curve in that point wherein the body is at 
the inſtant. of time when the force ceaſes to act. 
Thus for inſtance, if a ſtone, moved about in a 
ſling, be ſet at liberty by ſlipping one end of the 
ſling; it will not continue it's circular motion, but 
go on in a right line touching the circle made by the 
circumvolution of the ſling in that point where the 
ſtone is let go. 
deſcribed by the revolution of the ſling A B about 
the centre A; and ii the ſtone be let off at the point 
B; it will move on in the right line BG, which 
touches the circle in B. For by the law, the natural 
tendency of the ſtone in the point B is along the 
line B G, though by the force of the ſling it be made 
to revolve in the curve. And what has been ſaid 
of the ſtone in the point B, is in like manner true 
of the ſame at any other point as C, D, or E; for 
in thoſe points it's tendency is along the lines CF, 

DH, and EK. | 
Another conſequence of the foregoing law is that 
all bodies, which revolve about a center, muſt endea- 
vour to recede from the center; for ſince bodies, 
that are moved round in a curve, do of themſelves 
in every point of the curve tend to move in the 
I tangents 
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tangents to each point; and ſince all the parts of Lz er. 
the tangents are more diſtant from the center of III. 
motion than are the parts of the curve, as is evident 


from the figure ; it 1s manifeſt that bodies ſo moved 
muſt perpetually endeavour to fly off from the cen- 
ter of motion, which endeavour of receding is com- 


* monly called the centrifugal force; and it is o 


ſed to the centripetal force, or that force which by 


drawing the bodies towards the center makes them 


to revolve in a curve. 


| Theſe two forces are by one common name called 


the central forces: and they are in all caſes equal 
the one to the other. For let us ſuppoſe a body to 


revolve in the orbit EA C, and that being in the Fig. 9. 


point A the hana. force ceaſes to act; it will 
then move forward in the direction of the tangent 
AB, and B C will be the ſpace through which the 
body recedes from the orbit by means of the centri- 
fugal force; and if A B be in it's naſcent ſtate, the 
centrifugal force will be as B C; but if the centri- 
petal force acts at A, it will make the body deſcribe 
the arc A C in the ſame time that it would deſcribe 
the tangent A B, in caſe it were not acted upon by 
the centripetal force; conſequently, the ſpace B C 1s 
deſcribed by means of the centripetal force; and 


the arc A C being in it's naſcent ſtate, the centri- 


petal force will be as BC, and of conſequence equal 
to the centrifugal. 
In treating of theſe central forces I ſhall proceed 
in the following manner. Firſt, I ſhall conſider 
two equal bodies moving uniformly in two different 
circles; and thence deduce one general expreſſion 
for the central forces in the terms of the circle. 
decondly, By ſubſtituting other proportional quan- 
uties in the place of thoſe which conſtitute the ge- 
deral expreſſion, I ſhall form other general expreſ- 
ons for the ſame forces. Thirdly, By a proper 
application of thoſe expreſſions I ſhall determ 2 the 
aws 
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LE r. laws of central forces in particular cafes, and at the 


III. fame time confirm each law by an experiment. 


Wy As to the firſt, if two equal bodies moving uni- 
Fig. io, formly in the circles marked 1, & 2, do in the ſame | 
55 portion of time taken indefinitely ſmall deſcribe the 
naſcentarches AC; and if from the points C be | 
drawn the lines C B, perpendicular to the tangents | 


AB, thoſe lines will expreſs the proportion of the 


central forces. For ſince the time in which the | 


arches A C are deſcribed is indefinitely ſmall, the 
bodies will be carried through the ſpaces BC, by one 
ſingle impulſe of each central force; for which rea- 


ſon the motions of the bodies through thoſe ſpaces | 


will be uniform; conſequently. ſince the time of 


the motion is the ſame, and the bodies equal, te 
motion will be as the ſpaces deſcribed, that is, as Þ + 


the lines BC; but forces which generate equable 
motions are to one another as the motions gene- 


rated; that 1s, in this caſe, as the lines BC; which! 
lines being equal to the verſed fines A D of the | 
arches AC, muſt be equal to the ſquares, of the 


arches AC, divided by their reſpective diameters 


AE. For from the nature of the circle, the verſed F 


ſine of any arch is equal to the ſquare of the chord 
divided by the diameter; but as in this caſe the 
arches AC are ſuppoſed to be naſcent, they do 
not differ from their chords; and therefore in each 
circle the verſed ſine of the arch AC, (which 
verſed fine expreſſes the central force) is equal to tic 
ſquare of the arch divided by the diameter: conſe- 
quently, the central forces are as the ſquares of the 
naſcent arches applied to their reſpective diameters; 
and foraſmuch as thoſe naſcent arches are to one 
another as any other two arches,which are defcribed 
by the revolying bodies in a given time, the central 
forces of two equal bodies revolving uniformly in 
different circles, are to one another as the ſquares 
of the arches deſcribed in a given time applied to 


their reſpective diameters ; or becauſe the diameter 
are 
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2 re as the radii, as the ſquares of the arches applied LE c T, 
to their reſpective radii. Wherefore putting A to 
Henote the arch of a circle deſcribed in a given 


4 


rank of ſymbols. 
3 . OA. 
F is as TD F is as D 
1 2 8 
| F is as 7 F is as D 
; D 3 
F is as Þz F is as P 
F is as DN* F is as QDN* 


As the bodies are ſuppoſed to move uniformly 


in the circles, it is evident that the arches deſcribed 
in a given time are as the velocities of the revoly- 


ing bodies; and therefore in the general expreſſion 
for the central force, the velocity of the body may 


be ſubſtituted in the place of the circular arch ; 
whence putting V for the velocity of the body, 


F is as De 8 in the ſecond place of the firſt rank 


of ſymbols, which is a ſecond general expreſſion 
for the central force. 


Again, the velocity of a body moving uniformly 


in a circle, is as the radius applied to the periodic 


time, or the time of one intire revolution. For if 
the velocity of the body be given, the periodic time 
muſt be proportional to the circumference of the 
circle, inaſmuch as a body, which with a given ve- 
locity deſcribes a certain ſpace in a certain time, 
will require a double or triple time, to deſcribe a 
double or triple ſpace; and univerſally whatever be 


the magnitude of the ſpace, the time in which it is 


D deſcribed 


ime, D for the radius, and F for the central force ; 


is as 85 as it ſtands in the firſt place of the firſt 
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Ls e T. deſcribed will be proportional to it. If the circum; 


III. 


ill be inverſly as the velocity with which the body 
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ference of the circle be given, the periodic time 


moves; for if a body moves through a given ſpac: 
with a certain velocity in a certain time, it wil 
with double the velocity move through the ſame 
ſpace in half the time, and with a triple velocity in 
one third of the time; and in general, in whatever 
proportion the velocity is increaſed, in the ſame 
proportion will the time be leſſened ; that is, the 
periodic time will be inverſly as the velocity. 1 
therefore neither the circumference of the circle 
nor the velocity of the body be given, the periodic 
time will be directly as the circumference, and in 
verſly as the velocity; that is, as the circumferenc: 
applied to the velocity; or (becauſe the circumfe- 
rence is as the radius) as the radius applied to the 
velocity. Wherefore putting P for the periodic 


f TR” ; 3 
time of a body revolving in a circle, P is as > 


V 
and conſequently, V 1s as . If therefore in the 


ſecond general expreſſion 5 be ſubſtituted in the 


place of V, we ſhall have a third general expreſſion 


for the central force, wherein F is as Pre as in the 
third place of the firſt rank of ſymbols. 

Again, the periodic time of a body revolving 
uniformly, is inverſly as the number of revolutions 
performed in a given time, For if the periodic 
time of a body be ſuch, as that in a given time |! 
can perform a certain number of revolutions ; i 


the periodic time thereof be doubled, it will per 
form but half the number of revolutions in the lame Wi 
time; and if the periodic time becomes thrice & WF 
great, it will perform but one third of the number 
of revolutions in the given time; and fo on, as the 
periodic time is inlarged, the number of revolution 
wi 
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will be diminiſhed in the ſame proportion, ſo that LE c T. 
putting N for the number of revolutions in a given III. 


1 ime, P will be as * Conſequently, if in the third 
; 


general expreſſion d be ſubſtituted in the room of 


P, we ſhall have a fourth general expreſſion for the 
central force, wherein F is as DN, as it ſtands in 


the laſt place of the firſt rank of ſymbols. 


In collecting theſe general expreſſions, I have all 
along ſuppoſed the quantity of matter in the revol- 
ving body to be given; and for that reaſon have 
pot made 1t a part of thoſe expreſſions, inaſmuch 
as it may be denoted by unity ; and as ſuch, whe- 
ther it be taken in, or left out, it will not vary the 
expreſſions. But the caſe will be different, if the 
quantity of matter in the revolving body varics ; 
* becauſe the central forces, and conſequently the ex- 

preſſions for thoſe forces, will likewiſe vary; ſo as 
to be greater ceteris paribus in larger quantities of 
matter than in ſmaller. For the whole central force 
of any body, is made up of the forces of each par- 
ticle whereof the body conſiſts ; and therefore the 
more numerous the particles of matter are in any 
body, the greater will it's central force be; ſo as 
to be double in a double quantity of matter, triple 
in a triple 3 and ſo on in proportion to the 

quantity of matter. In order 2 to render 
the expreſſions yet more general, let Q be put for 
the quantity of matter in the revolving body, and 
let it be multiplied into each of the four expreſ- 
ſions, as in the ſecond rank of ſymbols. 


| Before I apply theſe expreſſions to the ſeveral 
particular cafes, I ſhall offer an experiment in con- 
frmation of what I juſt now proved, viz. that the 
greater the quantity of matter in any body is, the 
greater is the central force. 


D 2 Let 


12 


Leer. Let three glaſs tubes half full, one with mercu 


III. 


ee, the third with water and a piece of cork, he | 
ped cloſe, and made faſt to an inclined plane; 


Exp. 1. 


Exp, 2. 
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and water, another with water and ſmall leaden bu]. 


ſtop 
and let the plane be ſo fixed to a table, moveab|: 


about it's center, by means of a wheel and axle, a 


that the lowermoſt part of the plane may reſt upon 
the center of the table. 
tinues at reſt, the liquors and ſolids contained in the 
tubes will, by reaſon of their gravity, poſſeſs them. 
ſelves of thoſe parts of the tubes which lye next the 
center of the table, leaving the remoter parts emp 
ty: and of the two bodies included in each tube, 
that which is heavieſt will be neareſt the center; 
but upon turning the table about, the ſeveral bodies 
will, by reaſon of their centrifugal forces, whereby 
they are carried from the center of motion, fly to 
the uppermoſt parts of the tubes; and in each tube, 
the heavier body will poſſeſs the uppermoſt place, 
as being indued with the ſtronger centrifugal force. 

It bodies moving in equal circles perform their 
revolutions in equal times; or in other words, if 
the velocities of bodies revolving in circles be equal, 
and their diſtance from the center likewiſe equal, 
their centrifugal forces are as their quantities of mat. 
ter. For in the ſecond general expreſſion, ſince V 
and D are given, Fis as Q; that is, the central 
force is as the quantity of matter; which is con- 
firmed by the following experiment. Let two 
{mall troughs be to fixed to two moveable tables, 
as that the centers of the troughs may lye upon the 
centers of the tables, and let the centers of the 
tables be fixed to two axles, on each of which 154 


grooved wheel, with equal diameters; let the two 


wheels be turned by means of one and the ſame 
chord going round them: it is manifeſt, that as the 


| wheels are equal, they, and conſequently the table 


with their affixed troughs, muſt perform their te. 


volutions in the ſame time; and the parts of the 


$2.4 I 0 tables 
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ur tables and troughs, whoſe diſtances from their re- LE c T. 
ſpective centers are equal, will revolve equally III. 
de ſpwift; and ſo likewiſe mult all bodies that are placed. 
in the troughs at equal diſtances from the centers: 
able | ſo that by this contrivance, if two bodies be placed 
one in each trough at equal diſtances from the cen- 
pon ters, they will revolve equally ſwift. Let then two 
con. palls, whereof one is double the other, be laid one 
| the in each trough, and let each ball be faſtened to one 
em. ¶ end of a chord, whoſe other end paſſing through an 
the hole in the center of the table is made faſt to a weight, 
MP which reſts upon the floor; and let the lengths of 
ube, the chords be ſuch, as that being ſtretched, and the 


iter; weights not raiſed, the balls in the troughs may be 
= equally diſtant from the centers. This being done, 
reby 


it the weights be to one another as the balls, and if 
ly 0 the tables be turned about with ſuch a velocity as 
that the centrifugal forces of the balls may be ſuf- 


lace, W kcient to raiſe the weights, they will be lifted up 
ict. FWpreciſely at the ſame time. Whence it appears, that 
their Win this caſe the centrifugal forces are as the quan- 
1s, il ties of matter, inaſmuch as they overcome reſiſt- 
qua) Wances which are in that proportion. 


qual, WW If equal bodies moving in unequal circles perform Exp. 3. 
their revolutions in equal times; or in other words, 


nce V Ef the quantity of matter in the revolving bodies 
entral Wh. given, as alſo the number of revolutions per- 
con” formed in a given time, their centrifugal forces are 
tas their diſtances from the center. For in the fourth 
*＋ general expreſſion, ſince Q and N are given, F is 


Bs D, that is, the force is as the diſtance. For the 


: the confirmation whereof, let two equal balls be placed | 
8 i= in the troughs at diſtances from the centers, which 
| 


re as one and two, and when the tables are turned 
About, that ball, whoſe diſtance from the center is 194 
Fouble, will raiſe a double weight. 1 
If equal bodies move in unequal circles with equal vl 
pelocities; or more generally, if the quantity of 
Matter in the revolving bodies be given, as allo the 

| D 3 velocity 
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LE r. velocity wherewith they revolve; their central forces 


III. are inverſly as their diſtances from the center. Fot 
AA n the ſecond general expreſſion, ſince Q and V are 


* * 1 - * * 
given, F is as JD that is, the force is inverſly as the 


diſtance. Before I mention the experiment where. 


by this law is confirmed, I muſt obſerve to you, 


that to the axle of one of the tables is fixed a ſecond 
wheel, whoſe diameter is but one half of the dia. 
meter of the. other wheel ; and therefore when the 
chord goes round the ſmaller wheel, the table muſt 
turn as faſt again as when it goes round the larger 
wheel; ſo that the table which is moved by means 
of the ſmaller wheel, will revolve twice in the ſame 
time, that the other table which is turned by means 
of the larger wheel, performs one revolution. 

Exp. 4 This being premiſed, let two equal balls be ſo 
placed in the troughs, as that the diſtance of that 
ball which is to revolve by means of the ſmaller 
wheel, may be but one half of the other's diſtance 
from the center; in which caſe their velocities will 
be equal: for though the peripheries of the circle 
which the two balls deſcribe, are as one and two; 
yet will the leſſer periphery be deſcribed twice it 
the ſame time that the larger is deſcribed once; 
and therefore the ſpaces through which the bodies 
move in a given time will be equal, and of conſe 
quence their velocities will be ſo too. If ther 
two weights be made faſt to the chords of the ball 

in the manner of the former experiments; the tt 
bles being turned about, the ball whoſe diſtance 
from the center is as one, will raiſe twice the weight 
that is raiſed by the ball whoſe diſtance is as two; 
ſo that the weights raiſed, and conſequently the 
forces which raiſe them, will be inverſly as tit 
diſtances of the balls from the center. 

If equal bodies revolve in equal circles with ur- 
fe velocities, their central forces are as the {quart 
of the velocities, or becauſe the velocities are as . 
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humber of revolutions in a given time, the forces LE Or. 


are as the ſquares of the numbers of revolutions per- III. 


Q and D are given, Fis as N*, 
that is, the force 1s as the ſquare of the number of 
evolutions in a given time. To confirm this law, Exp. 5. 
jet two equal balls be placed in the troughs at equal 


fFliſtances from the centers; and let that table, whoſe 


axle has two wheels, be turned about by means of 
the ſmaller, ſo that it may perform two revolutions 
in the ſame time that the other table performs one: 
in this-caſe the numbers of revolutions performed by 
the two balls in a given time being as one and two, 
their ſquares will be as one and four, in which pro- 
portion the weights raiſed will likewiſe be. 

If unequal bodies revolve in equal circles with 
unequal velocities, their central forces are as the pro- 


ducts of their quantities of matter into the ſquares 


of their reſpective velocities; or, which is the ſame 
thing, as the products of their quantities of matter 
into the ſquares of the numbers of revolutions in a 
given time. For by the fourth general expreſſion, 


D being given, F is as QN*, Let therefore two 


balls, whereof one is double the other, be placed at 


equal diſtances from the centers; and let the larger 
revolve twice in the ſame time that the ſmaller re- 


Wolves once. In this caſe the quantity of matter in Exp. 6. 


the leſſer ball, which is as unity, being multiplied 
into the ſquare of it's number of revolutions in a 
given time, which is likewiſe as unity, gives one for 


the product. And the quantity of matter in the 
larger ball, which is as two, being multiplied into 
the ſquare of it's number of revolutions in the given 
ume, which ſquare is as four, gives eight for the 
product: ſo that the weights raiſed by the two balls 
vill be as one and eight. ; 
If unequal bodies revolve in unequal circles with 


punequal velocities, their forces are as their quantities 
of matter multiplied into the ſquares of their re- 
D 4 ſpective 


For by the fourth gene 
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L x e r. ſpective velocities, and that product divided by 


their reſpective diſtances from the centers; or what 


Wa amounts to the ſame thing, their forces are as the 


Exp. 7. 


products ariſing from the continued multiplication 
of their quantities of matter into their reſpective 
diſtances from the centers, into the ſquares of their 
numbers of revolutions in a given time; or to uſe 
the mathematical phraſe, their forces are in a ratio 
compounded of their quantities of matter, of their 
diſtances from the center, and of the ſquares of their 
numbers of revolutions in a given time. For by 
the fourth general expreſſion F is as QDN*. To 
confirm this law by an experiment, let two balls 


whereof one is double the other, be placed in the 


troughs, ſo as that the diſtance of the ſmaller from 
the center may be to the diſtance of the larger 
two to one; and let the larger revolve twice in the 
ſame time that the ſmaller revolves once. In this 
caſe the quantity of matter in the ſmaller body, 


which is as one, being multiplied into the diſtance 


from the center, which is as two, and the produtt 
being multiplied into the ſquare of the number «i 


revolutions performed by the ſmaller body in a giva 


time, which is as one, gives two for the product 
In like manner the quantity of matter in the large 
body, which is as two, being multiplied into tht 
diſtance from the center, which 1s as one, and the 
product of that multiplication being again mult: 
plied into the ſquare of the number of revolution: 
performed by the larger body in the given time, 
which ſquare is as four, gives eight for the pro 
duct; conſequently, the weights which are raiſed, 
as alſo the forces which raiſe them, are as two and 
eight, or one and four. 
If equal bodies revolve in unequal circles in fuci 
a manner as that the ſquares of their periodic 
times are as the cubes of their diſtances from tie 
center, their central forces are inverſly as the ſquars 
of their diſtances from the center. For ſince tit 
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the times; if in the third general expreſſion the wy 
cube of D be ſubſtituted in the room of the ſquare 
of P, F will be as D divided by the cube of D, or 
25 one divided by the ſquare of D ; that is, the force 
will be inverſly as the ſquare of the body's diſtance 
from the center. To confirm this law, let two equal Exp. 9. 
balls be placed in the troughs, ſo as that the diſtance 
of one from the center may be as two, and the di- 


| > ſtance of the other as three and one ſixth; and let 
that which is at the ſmalleſt diſtance revolve-twice 


in the ſame time that the other revolves once; ſo that 
| their periodical times may be as one and two, the 
* ſquares of which being one and four, are very near- 
ly proportional to the cubes of the diſtances ; for 
the cube of the ſmaller diſtance is eight, and that 
of the larger thirty-two very nearly; conſequently, 
the balls muſt raiſe weights which are to one another 


. inverſly as the ſquares of the diſtances from the cen- 
ter; that is, the weight raiſed by the ball, whoſe 


diſtance is as two, muſt be to the weight raiſed by 


the ball whoſe diſtance is as three and a ſixth, as 
che ſquare of the laſt diſtance to the ſquare of the 


former, that is as ten to four, or five to two very 
= nearly, 


id the? 


* If the ſquares of the periodical times be propor- 
tional to the cubes of thediſtances, and the revolving 


bodies unequal, the central forces are directly as the 


quantities of matter in the bodies, and reciprocally 
| as the ſquares of their diſtances from the center. 
For in the third general expreſſion, if the cube of 
D be ſubſtituted in the room of the ſquare of P, 
L F will be as 85 If therefore all things remain as in 
the laſt experiment, excepting that the body which 

is at the greater diſtance from the center is to the bo- 

dy leſs diſtant, as two to one; the weight which is 

raiſed by the former, will be to the weight * 
| the 


quantity of matter in the revolving bodies is given, LE c T. 
and the cubes of the diſtances are as the ſquares of III. 
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Lo r. the latter, as two, to two and a half; that is, the 


III. 


weights raiſed, will be as the products ariſing from 


waz the multiplication of the quantity of matter in one 


Exp. 9. 


body, into the ſquare of the other body's diſtance. 

Among the ſeveral laws of central forces, - that 
which obtains in nature, and by vertue whereof the 
heavenly bodies are made to revolve in their ſcve- 
ral orbits, is, where the forces are to one another 
inverſly as the ſquares of the diſtances of the revoly. 
ing bodies from the center. For it has been found 
by obſervation, that all the planets, as well primary 
as ſecondary, revolve either in circular orbits, or ſuch 
as are nearly ſo. And that the fix primary planets 
move about the ſun as their center, in ſuch a man- 
ner, as that the cubes of their mean diſtances from 
the ſun are very nearly proportioral to the ſquares 
of their periodical times. And the ſame thing has 
been diſcovered, with regard to the four ſecondary 
planets or ſatellites that move about JuP1TER, as 
alſo with reſpect to the other five that revolve about 
SATURN. And therefore the forces whereby they 
are retained in their orbits, muſt be in the inverſe 
ratio of the ſquares of their diſtances from the cen- 
tral bodies about which they revolve. 

If two bodies are, by means of their mutual at- 
traction, made to revolve about each other, and allo 
about a fixed point; and if their diſtances from that 
fixed point be reciprocally proportional to their 
quantities of matter, that is to ſay, if as much as 
one body exceeds the other in quantity of matter, 
ſo much is it's diftance from the fixed point exceeded 
by the others diſtance from the ſame point; or what 
amounts to the ſame thing, if the product, ariſing 


from the multiplication of one body into it's diſtance 


from the fixed point, be equal to the product ariſing 
from the like multiplication of the other body into 
it's diſtance from the fixed point, their central 
forces are equal. For as the two bodies muſt of ne- 
ceſſity perform their revolutions in the ſame * 
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the the number of their revolutions in a given time is Le Cr. 
m given: and therefore by the fourth general ex- III. 

dne preſſion F is as Q, that is, the central force is as wy 
e. ¶ the product ariſing from the multiplication of the 
hat quantity of matter into the diſtance from the cen- 
the ter, or fixed point; but by ſuppoſition the product 
ve- of one of the bodies into it's diſtance from the fixed 
her point, is equal to the product of the other into it's 
V. diſtance, conſequently, their central forces are e- 
md qual; for which reaſon neither of them can fly off 
ary from the fixed point, fo as to draw the other after 
uch it; for however ſtrongly either of them endeavours 
1ets to recede, by vertue of it's own centrifugal force, it 
an- is with equal ſtrength drawn the contrary way by the 
om | centrifugal force of the other. But if the diſtances 
ares of the bodies from the fixed point be not reciprocal- 
has ly proportional to their quantities of matter; that 
lary body, whoſe diſtance, with regard to the diſtance of 
„the other, is greater than in the forementioned pro- 
out portion, will fly off and draw the other after it: 
hey for in this caſe, the product of the former body into 
erle it's diſtance from the fixed point is greater than the 
cen- product of the latter into it's diſtance z which pro- 
ducts being as the centrifugal forces of the bodies, 
| at- the former body will have a greater centrifugal force 
allo than the latter, and of courſe muſt recede from the 
that fixed point, and drag the other after it; all which 

heir is fully confirmed by the following experiments. Let Exp. 10. 
h as two equal balls be tied together by a ſmall chord; 
tter, and let them be laid in one and the ſame trough, 
eded WF one at each end, ſo as that the chord being ſtretched 
what may have it's middle point juſt over the center of 
iſing the table; let then the table be turned about, and 
ance the balls will revolve about the center without fly- 
ſing ng off either way; and continue fo to do as long 
into z the motion of the table laſteth. And the ſame 
ntral WF thing will likewiſe happen though one ball be dou- 
f ne- ble the other, provided it's diſtance from the center 
me; ef the table be but one half of the diſtance of the 


ſmaller, 
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ſmaller. But when equal balls are made uſe of, if 
one of them be placed at a greater diſtance from 
the center than the other, upon turning the table 
it will fly off and draw the other after it. So like. 
wiſe when unequal balls are made uſe of, ſhould 
that which is double the other be placed at a diſ- 
tance from the center greater than one half of the 
diſtance of the ſmaller, it will fly off and draw the 
ſmaller after it. And on the other hand, if the 
diſtance of the larger be leſs than half the diſtance 
of the ſmaller, the ſmaller will in that caſe fly off 
and draw the larger after it. 


LECTURE NIV. 


Or THE CoMPosITION AND RESOLUTION or 
MorT1on. 


HE ſecond Law or NATURE, reſulting from 
the inertneſs of matter, is; that whatever 


Li motion, or change of motion, is produced in any 


body, it muſt be proportional to, and in the directi- 
on of, the force impreſſed. For ſince a body cannot, 
by reaſon of it's inaCtivity, contribute to the pro- 
duction of it's own motion, or of any change there. 
in, it is plain, that whatever motion or change of 
motion is generated in any body, it muſt intirely 
proceed from the force impreſſed on the body; and 
of conſequence, ſince effects are ever proportionate 
to their adequate cauſes, muſt be proportional there- 
to. And it muſt Jikewiſe be directed and deter- 
mined towards the ſame part with the generating 
force. Wherefore if the body whereon the imprel- 
ſion is made, was in motion before the impulſe, 
that motion will be retarded or accelerated accord- 
ing as the force impreſſed oppoſes it, or conſpires 
therewith, or if it acts obliquely to the ſame, the 
direction thereof. will be changed, and the body 
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p will move in a direction ſituated between the direc- LE OT. 


tion of it's former motion, and that of the impreſ- IV. 
ſed force. For inſtance, if a body moving from - Per 
acting in the direction A C, it will move along a © 
line as A D placed between A B and A C, the ſi- 
tuation of which may be thus determined, Let 

the line A B denote the velocity wherewith the bo- 

dy moves in the direction AB; and let A C de- 

note the velocity wherewith the body would move 

by vertue of the impulſe along the line A C, ſup- 
poſing it had no other motion: that is, let A B be 

to AC as the ſpace deſcribed by the body in a 
given time in the direction A B, to the ſpace de- 
ſcribed by it in the direction A C, each of the mo- 

tions being conſidered ſingly and apart; then com- 
pleting the parallelogram AB D C, and drawing 

the diagonal A D, that diagonal is the line in which 

the body moves ; for the proof of which, let us 
ſuppoſe a ſmall inflextble wire equal in length to the 


line A B, to paſs through the center of a ball, and 


that whilſt the ball moves uniformly on the wire 


from A towards B, with a velocity which is as AB, 


the wire is alſo moved uniformly from AB towards 
CD, with a velocity which is as A C, and in ſuch 
a manner as to be always parallel to A B, and 
with it's extremities to deſcribe the lines A C and 
BD. Then, foraſmuch as the ſpaces deſcribed in 
a given time, where the motions are uniform, are 
to one another as the velocities of the motions; it 
is evident, that in whatever time the ball moves the 
length of the wire, in the ſame time will the wire 
move the length of A C, to wit from AB to CD; 
conſequently, at the end of that time the ball will 
be found in D, at the extreme point of tue dia- 
gonal AD. From any point in the diagonal taken 
at pleaſure as E, let the line E F be drawn parallel 
to DB, and from the nature of ſimilar triangles, 
AF will be to F E, as AB to B D, that is, as the 
velocity 
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Lx © r. velocity of the ball to the velocity of the wire; I 


IV. conſequently, in the ſame time that the ball moves 
LW, the length of A F along the wire, the wire wil 
move the length of F E, from A B to K L; and 
the point F, which is the place of the ball on the 
wire, will be found in E. And what has been 
thus proved, in relation to the two points D and 
E of the diagonal, may in the very ſame manner 
be demonſtrated of any other point in the ſame 
line; wherefore the ball will, by vertue of it's own 
motion, and that of the wire, whereof it partake, 
be carried in ſuch a manner as to be always found 
in the diagonal A I); that is, it will, by vertue of 
it's compound motion, deſcribe the diagonal line, 
This being fo, it plainly follows, that it the wire 
be taken away, and the ball at A have two motions 
impreſſed upon it at once; one in the direction 
A B, the other in the direction AC; and if the 
motions impreſſed, or, which 1s the ſame thing, 
if the forces impreſſing thoſe motions be to one 
another in the proportion of A B to A C, the bal 
will, by vertue of the double impreſſion, move 
along the diagonal AD. For as to the effect it 
matters not whether the motion which the ball has 
in the direction A C ariſes from a force impreſſed 
on it at the point A, or whether it be communt- 
cated by a wire ſupporting the ball, and carrying 
it along with it in that direction. 

. To confirm this by an experiment, let three ivo- 
ry balls of equal ſize be ſuſpended from three 
pins, by ſtrings of equal lengths, and let the mid: 
dle ball reſt over one angle of a wooden ſquare; 
then let each of the extreme balls be let fall ſepa- 
rately from the ſame height, in ſuch manner as to 
ſtrike the middle ball in the direction of one {ide 
of the ſquare, and the middle ball will, by each df 
the ſtrokes made ſeparately, be moved along ove! 
that ſide of the ſquare, which correſpondeth to 
the direction of the ſtroke z but if the two * 
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re; # Abe at the ſame inſtant of time let fall from equal Le Or. 
we Þ Theights, ſo as that they may ſtrike the middle IV. 
will hall at once, and in the directions of the two Wmyand 
and ſides of the ſquare, the middle ball will, by the 

the double ſtroke, be driven over the diagonal of the 

Yeen 25 


and! As a COROLLARY it follows, that a body will 


nner in the ſame time deſcribe the diagonal A D of a 
ame parallelogram with two forces conjoined, that are 

own do one another as the ſides A B and A C, that it 

kes would the reſpective ſides with each of thoſe forces 

bund ſeparately. As alſo, that the velocity wherewith a 

1e of body moves along the diagonal, is to the velocity 

line, 


wherewith it is carried along the ſides, when acted 
wire = by each force ſingly, as the diagonal to each 

tions Aide reſpectively: conſequently, if the two forces 

tion be given, the velocity along the diagonal, which 

f the ariſes from the conjunction of both forces, will be 

ning, much the greater, by how much the angle BAC 

» one is leſs; for as that angle is diminiſhed, the diagonal, 

e ball hich in this caſe denotes the velocity, is lengthened, 

move till at laſt the angle vaniſhing by the coincidence of 

ct it the ſides, the diagonal becomes equal to both the 

ha des taken together; and the velocity of the body | 
reſſed qual to the ſum of the velocities wherewith the | 
muni- W body would move, were each of thoſe forces im- 

Tying V upon it in the ſame direction. Thus the Pl. 2. 

nes AB and A C being placed at three different Fig: 2. 


e ivo · ¶ Ingles, fo as to conſtitute the ſides of three different 
three MW Þxrallelograms, (the diagonals whereof are repre- 
> mid- ¶ Ented by the pricked lines) it is evident to ſight, that | 
vare; the angle B A C grows leſs, the diagonal grows j*| 
| ſepa- Pager; and that when the angle vaniſhes by the + 
T as to incidence of A B with A C, the diagonal A D pl. 2. 
ge fide comes equal to A C and C D, that is, to A C and Fig. 3. 4 
ach af B; and the velocity denoted by A D, is in that 11 
over WW Fe a maximum, or the greateſt that can ariſe from 11 
eth to e conjunction of thoſe two forces. On the other 
0 bon d, as the angle inlarges, the velocity along the 


I diagonal 


—= 
[4 | 


1 hut 1 
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L x c r. diagonal muſt decreaſe, till at length the angle yz 


IV. niſhing by the two ſides becoming one right line, bn a 
Way the velocity becomes equal to the difference of the] For a: 
velocities, ariſing from the impreſſion of each force N B 

Pl. 2. when made ſingly and ſeparately. Thus the line: © AD, 
Fig. 4. AB and AC being as before placed at three diff. Þ the 
rent angles BAC, it is evident that the diagonal; thoſe 

AD repreſented by the pricked lines, grow ſhortet I withc 

as the angle BAC inlarges; till at laſt the angle, Þ and r 

and with it the diagonal vaniſhing, the two ſide I meral 

Pl. 2. BA and AC conſtitute one right line, as BAC, force 
Fig. 5. wherein the body is, as it were, carried two cot ¶ ed of 
trary ways, to wit, from A towards B, by the force the 1! 
which acts in the direction A B, and from A to wheth 
wards C, by the force acting in the direction AC; Jens at 
and the difference of the velocities, which ariſe A B,/ 
from the impreſſions of the two forces when they ¶ the im 

act ſeparately, is the velocity wherewith the body ind th 
actually moves in the direction of the ſtronger ¶ It be ſi 
force, which velocity is a minimum, or the leaſt ve. ¶ Airecti 
locity that can ariſe from the joint action of thoſe N ef two 
two forces. | AB ar 
As a ſecond coROLLARY it follows, that a body {Miotio! 
may be moved through one and the ſame line by WW; Thi 
numberleſs pairs of forces acting upon it. For if ſMorces 
PI. 2. inſtead of the force, whoſe direction is A B, we ſup- Wclp th 
Fig. 6 ſe another, the direction whereof is AE; and it Hirectie 
| inſtead of the force acting in the direction A C, we {ereaft 


ſuppoſe one to act in the direction A F, and that 


thoſe forces are to one another as AE to AF; 


then completing the parallelogram AE D F, thc 


line A D will be the diagonal of this parallelogram, iſ 


as well as of the former; and therefore the body 
will from the joint action of theſe two forces de. 
ſcribe the ſame line A D which it did before : and 
as AD may be made the diagonal of numberlel 
parallelograms, it is evident that it may be de. 
ſcribed by a body acted upon by numberleſs pai 


of forces in different directions. And not __ 
ee ut 
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Put it may likewiſe be deſcribed by a body, whete- LE r. 


thoſe from the directions of two others, and fo on 
yithout number. | 
and motions whatever may be reſolved into innu- 
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on a great number of forces act at the ſame time; IV. 
For as the forces acting upon the body in the direction 
A B and A C make it to move along the diagonal 
A D, ſo may the direction along A B ariſe from 
the directions of two other forces, and each of 


Hence we ſee, that all forces 


merable forces and motions z and any ſimple direct 

force or motion may be looked upon as compound- 

ed of innumerable oblique forces or motions. For Pl. 2. 
the line and direction of the motion is the ſame, Fig. 6. 
whether that motion be compounded of two. moti- 

ons ariſing from forces impreſſed in the directions 

A B, A C, or in the directions AE, AF, or ariſe from 
theimpreſſion of a ſingle force in the direction AD; 

and therefore the motion along the line A D,though 

it be ſimple ariſing from one ſingle force acting in that 


Lirection; yet may It be conſidered as compounded 


df two or more motions in other directions, ſuch as 


FAB and AC, or AE and AF, ſince the very ſame 


motion would ariſe from ſuch a compoſition. 


This compoſition and reſolution of motions and 


forces is of ſingular uſe in mechanics; for by the 
delp thereof, the effects of powers acting in oblique 
Lireftions are readily determined, as will appear 
dereafter. 


The third Law oF NATURE ariſing from the 


Wertneſs of matter is, that reaction is always equal 


Þ action, and contrary thereto z or in other words, 
Fat the actions of two bodies, one upon another, 
We conſtantly equal, and in directions contrary to 
Rach other; ſo that whatever change is made in the 
Mate of one body, whether at reſt or in motion, by 
pic action of another; the ſame change is produ- 
d in the ſtate of the other by the reaction of the 
prcr ; but the tendencies or directions of thoſe 

ages are contrary ways. Thus, when one yok 
a ſtone 
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LecT. a ſtone with his finger directly downward, the fu 
ger is equally preſſed by the ſtone, and that direct) 


II. 


REACTION zqavar To ACTION, 


Www upward. And when a horſe draws a load, he 


Exp. 12. 


them be ſo ſmall, as that they may 


equally drawn back by the load; for as much x} 


he promotes the progreſs of the load, fo much 
he retarded in his own motion; that is, he is in e 
fect drawn back; for the ſame force of muſcles and 
finews, which he exerts in order to drag on the 
load, would if he was freed from the incumbrance. 
carry him forward to a diſtance much greater tha 
what he reaches in the ſame time whilſt tied to the 
load; and conſequently, as far as his progreſs fa. 
leth ſhort of that diſtance, ſo much is he in effed 
drawn back; and whatever motion he communi 
cates to the load, ſo much does he loſe of his own. 
the load reacting upon him with the fame for 
that he acts upon it; for which reaſon, it by add: 
tion of weight the load be ſo far increaſed as tore 


quire the whole ſtrength of the horſe to move i, 


no motion will enſue, the whole power of tht 
horſe wherewith he endeavours to go forward, bt 
ing but juſt equal to the reaction of the load when 
by he is drawn back. This equality of action anc 
reaction obtains in all kinds of attractions whateve: 
When a loaditone attracts a piece of iron, it bt 


qually attracted by it; as will appear from the lo: 


lowing experiment. Let a piece of iron and: 
loadſtone equal in weight, be ſuſpended by two cord 
of an cqual length, and let the diſtance betwet! 
not be out d 
the reach of each other's attraction ; then will the 
from a ſtate of reſt, begin to move towards cad 
other, and that with equal velocities, ſo as to met 
at the middle point of their firſt diſtance if the) 
be again ſeparated, and the loadſtone fixed, tie 
iron being ſuſpended at the ſame diſtance from | 
as before, will move towards it, ſo as at length f 
touch it and adhere thereto. And on the oth! 


hand, if the iron be fixed, and the ſtone moycaly 
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Her, as the iron did the ſtone ; all which plainly 
uc ws, that the attraction between the loadſtone and 
1 is mutual, the one drawing the other as much 


&s it is drawn by it; ſo that the reaction of the iron 
upon the ſtone 1s exactly equal to the action of the 
Bone upon the iron. | 


The equality of action and reaction, with reſpect 


to attractions, is likewiſe manifeſt from hence, 
that if a man placed in a boat, draws another boat 
by means of a rope faſtened thereto; the boat 
wherein the man 1s placed will be equally drawn 
with the other, and the two boats will approach 
one another with equal quantities of motion; ſa 
that if they be equal in weight, and of the ſame ſize 
and ſhape, they will approach with cqual velocities, 
and meet at the middle point : but if one be heavier 
than the other, than by how much 1t exceeds the 
other in weight, by ſo much will it be exceeded by 
the other in the velocity of it's motion; for inſtance, 
if the weight of one be to the weight of the other 
&s one to two, then will the velocity of the former 
be to the velocity of the latter as two to one ; that 
b, their velocities will be reciprocally propor- 
tional to their weights. 
periment, let a cord be made faſt to one end of a 
mall boat, and let it paſs over a pulley fixed to 
the end of another ſmall boat of the ſame ſhape 
and ſize, and let a weight be tied to the end of the 
cord, and hang in the water; this being done, 
et the boats be placed at ſuch a diſtance as that the 
cord may be ſtretched, then letting go the boats 
the weight will deſcend, and in delcending draw 
the boat to whoſe end the cord is faſtened towards 
ſie Other, and at the ſame time the other will move 
towards it; and when they come together, the tpace 
peſcribed by the boat whoſe weight is as one, will 
be to the ſpace deſcribed by the boat the weighs 


Witcreot is as two, as two to one; that is, if the 


E 2 diſtance 


IV. 


To confirm this by an ex- Exp. 13. 


Or THE COLLISION or 


L x c r. diſtance between the two boats be divided into three | [ 
IV. equal parts, that boat which 1s double in weight to 

wa the other, will move through one of thoſe parts in F 

the ſame time that the lighter moves through the! laſt 

other two. ey 

As action and reaction are equal with regard to E 9 


attractions, ſo are they likewiſe in reſpect of ſtroke 
or impulſes made by bodies one upon another ; the 2 ol 
force of two bodies, ſtriking ek he equally, FE :: 
affecting the motions of both, and producing equi Podi 
changes therein towards contrary parts. O Won, 


this equality of action and reaction do the ſever #** lol 
laws which have been collected concerning the co. 26s 
lifion of ſolid bodies in a great meaſure depend; 270 
. which laws, as they relate to bodies void of elaſt. the b 
city, I ſhall now explain; in doing of which, | fuſs 
ſhall lay down one general pRoPos1T1ON Concert- i i 


ing the colliſion of ſuch bodies, whence I ſhall de 


duce the laws of particular caſes, and at the fam: uy 15 
time confirm each law by an experiment. — oY 

The PROPOSITION is as follows: If two bodit * 
void of elaſticity move in one right line, either the ſm N ©: 
or contrary ways, ſo as that one body may ſtrike d. — | 
rettly againſt the other ;, let the ſum of their molim is 
before the ſtroke when they move the ſame way, au = K 
the difference of their motions when they move contra) Th, 
ways, be divided into two ſuch parts as are propur- * f 
tional to the quantities of matter in the bodies; aue 4 
each of thoſe parts will reſpectively exhibit the motion i =o : 
each body after the ſtroke. For inſtance, if the quan * 


tities of matter in the bodies be as two and one, 
and their motions before the ſtroke as five and foul, EF, 
then the ſum of their motions is nine, and the diff 
rence is one; and therefore when they move tit 
ſame way, the motion of that body, which 15% 
two, will after the ſtroke be ſix, and the motiol 
of the other three: but if they move contrary wa)5 
the motion of the greater body after the ſtroke wi 


— - — 


NON-ELASTICK BODIES, £9 
| de two thirds of one, and of the leſſer one third Lex cr. 


hree FE v 

it to pf one. ; a IV. 
For ſince the bodies are ſuppoſed to be void of... 

** eelaſticity, they will not ſeparate after the ſtroke, but 

; move together with one and the ſame velocity; and 

0 of conſequence, their motions will be proportional 

roks 00 their quantities of matter; and from the equali- 


ty of action and reaction it follows, that no moti- 


* on is either loſt or acquired by the ſtroke when the 
— „ bodies move the ſame way, becauſe whatever mo- 


don one body imparts to the other, ſo much muſt 
it loſe of it's own ; conſequently, the ſum of their 


* motions before the ſtroke, is neither increaſed nor 
eng diminiſed by the ſtroke, but is fo divided between 


lags, the bodies, as that they may move together with 
: 1 | one common velocity, that is, it is divided between 
the bodies in proportion totheir quantities of matter; 
1 8 but it is otherwiſe, where the bodies move contrary 
© © Ways; for then the ſmaller motion will be deſtroyed 
by the ſtroke, as alſo an equal quantity of the great- 
„Jede er motion, becauſe action and reaction are equal; 
be ſa 4 and the bodies after the ſtroke will move together 
2 4 rqually ſwift, with the difference only of their mo- 
tons before the ſtroke; conſequently, that diffe- 
rence is by means of the ſtroke divided between 


» {amt 


motion 


10 : a . -» Y 

my them in proportion to their quantities of matter. 
2 „ The ſeveral particular caſes concerning the colli- 
ah 7 F bon of bodies, may be reduced to four general ones. 


For, 1ſt, it may be that one body only is in mo- 
hon at the time of the ſtroke, Or, 2dly, they 
may both move one and the ſame way. Or, 3dly, 
hey may move in direct oppoſition to each other, 
and that with equal quantities of motion. Or, 

ſaſtly, they may be carried with unequal motions _ 
n; directions contrary to each other. As the bodies 
Pay be either equal or unequal, each of theſe four 
E*neral caſes may be looked upon as conſiſting of 
vo branches; and as ſuch I ſhall conſider them, 
E 3 and 
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Lr cr. and treat of them in the order, wherein I have laid 


Asa to the firſt, if a body in motion ſtrikes an. | 


Exp, 14 


Or Tit COLLISIONC or 
them down, 


ther equal body at reſt, they will by the propoſ. 


tion move together, each of them with one half «| 


the motion that the body had which was in motion 
before the ſtroke ; and ſince the quantity of mot. 
on in any body, is as the product ariſing from the 
multiplication of it's quantity of matter into it's ye. 
locity ; the common velocity of the two bodies 
will be but one half of the velocity of the moving 
body before the ſtroke. For the confirmation 
whereof, let two equal balls of clay be ſuſpendet 
from two pins of an equal height, by chend of an 
equal length, and mn ſuch a manner as that wher 
they hang freely they may Juſt touch one another, 
and that theit centres and point of contact may he 
in a right line parallel to the horizon. | 
done, and one of the balls being at reſt, let th: 
other be removed to any diſtance from it, and then 
let fall; it will in it's deſcent deſcribe the arch of: 


This being! 


circle, and by the time it arrives at the loweſt point 7? 


of the arch, that 1s, when 1t comes to touch the 
quieſcent ball, 1t will have acquired ſuch a velocity 
as would carry 1t to the ſame height from whichit 
fell, as ſhall be ſhewn when I come to treat of pen. 
dulums; and conſequently, if the other ball ws 
removed, would actually aſcend to that height; but 
upon ſtriking the other ball which is of equal ſize, 
it will communicate one half of it's motion to it, 
and they will move together with half the velocity 
that the moving body had at the time of the 
ſtroke, ſo as to aſcend to one half only of tit 
height from which the ſtriking body fell. 

That the nature of thisand the other experiment 
relating to the colliſion of bodies, may be more ret 
dily comprehended ; I ſhall Jay down ſome thing 
concerningthe motion of bodiesthrongh the en 

Circles, 


* 


dl 
riſe . 
the a 
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laid Fircles, the truth whercof ſhall be demonſtrated in LB r. 
my lecture upon pendulums- And Firſt, all the IV. 

ano. | Arches of a circle, provided they be not large, acc, 

po. eſcribed in equal t nes by bodies deſcending along 

fee them; and therefore if two bodies be let fall at the pj 

otio | Jame time, one from C and the other from E, or >: 


from D and F, they will both arrive at the.loweſt 


moti- ö N at t 

1 the! point B at one and the ſame time; and the ſtroke 
*.ye. | Þf the ſubſequent body upon the preceding will be 
odis | made at B: and for the ſame reaſon if one be let 


wing! 
atio from E, and the other from D or F, they will meet 
endet and ſtrike one another at B. 7275 
ofa adly, The velocity which a body acquires ip 
when | falling through the archof a circle, is as the chord of 
other, he arch; that is, the velocity of a body which has 
y he allen from C tog, is to the velocity of a body 
being hat has fallen from E to B, as the chord CB to the 
t t Fhord EB. And here I muſt obſerve to you, that 
then hen in the following experiments I ſpeak of a bo- 
\ ofa (ly falling from, or riſing to any height, a8 four, 
point or cen inches, I would be underſtood to mean 
h the t of a body's falling through or moving up an arch, 
locity hoſe chord is of ſuch a length. .. .. .... - 
nicht! 3 3491ly, The velocity wherewith a body begins to 
if per riſe up through the arch of a circle, is as the chord of 
the arch which the body deſcribes in it's aſcent. 
r; bu Thus the velocity wherewith a body begins to move. 
il ſize, from the point B towards D, if it aſcends as. high 
\ toit e D, is as the chord BD; but if it riſes only to F, 
elocity the velocity is as the chord B F. So that in the ex; 
of the periments the chords of the arches through which the 
of the bodies deſcend, expreſs the velocities of the bodies 
in the point B at the time of the ſtroke; and the 
ment chords of the arches through which the bodies a- 
re Ceend after the ſtroke expreſs the velocities of the 
thing bodies immediately after the ſtroke. _ | 
chesoi WE Theſe things being laid down, I ſhall now pro- 
circles N Ceed to determine the laws of the four general caſes. 


all from C, and the other from D or F, or one 


E 4 | As 
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Lr. As to the firſt, it has been already ſhewn, thy 


TV. 


◻◻[ the common velocity 


Exp. 15. 
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where the moving body is equal to the quieſcen, 
of the two bodies after the 
ſtroke, is but one half of the-velocity of the mo- 
ving body before the ſtroke ; and of conſequence, ® T&fter 
the motion of each body after the ſtroke, is equi M Inch: 
to one half of what the moving body had befor qua 
the ſtroke. But if the quieſcent body differs n es (i 
ſize from the moving body, then the common ve by t 
locity after the ſtroke will be ſo much leſs than the half 
velocity of the moving body before the ſtroke, by W 
how much the ſum of the two bodies exceeds the prece 
body which was firſt in motion. Thus, if the mo. heigl 
ving body be to the quieſcent as two to one, the of mc 
common velocity after the ſtroke will be to the ye dy be 
locity of the moving body before the ſtroke, 3 ſo th: 
two to three; wherefore if a ball of clay, falling tbe f 
from the height of nine inches, ſtrikes another at beine 
reſt, and of one half the magnitude, they will bodie 
aſcend together, to the height of ſix inches only: after 
and on the other hand, if the larger be quieſcent, ¶ of fv 
and the ſmaller falls from the height of nine inches ¶ be as 
they will aſcend to the height of three inches only ; As 
and the quantity of motion in each body immediate Wmove 
ly after the ſtroke will be had, by multiplying each N have. 
of them into the common velocity. the ſt 

As to this and all other experiments of this mn · ¶ reſt; 
ture, it muſt be obſerved, that they do in ſome ¶ ſtroke 
meaſure vary from the theory, and that for tuo motio 
reaſons. Firſt, becauſe clay or any other body, poſed 
wherewith theſe experiments can be made, is not {Walls c 


perfectly void of elaſticity. Secondly, becauſe the ¶ upon 
air reſiſts the motions of the balls, and by ſo doing me t 
diminiſhes their velocities. | {provid 


As to the ſecond general caſe, where both the 
bodies are in motion before the ſtroke, and move one 
and the ſame way. In order to find their common 
velocity after the ſtroke, let the ſum of their motion 


before the ſtroke be divided by the ſum of ay 
| 165, 
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| ies, and the quotient will expreſs the common ve- LZ ct. 


city. Wherefore, if two equal balls of clay be IV. 


Let fall at the ſame time, one from the height of 


three inches, and the other from the height of ſix; Exp. 16. 
ter the ſtroke they will aſcend to the height of four 
inches and an half; for as in this caſe the bodies are 


qual, their motions are as their velocities, that is, 
+5 ſix, and three, the ſum of which being divided 


by two, the ſum of the bodies gives four and an 


half for the common velocity after the ſtroke. 
Where the bodies are unequal, let us ſuppoſe the Exp. 17. + 
preceding body to be as one, and to fall from the 


height of three inches as before, ſo that it's quantity 
of motion will be as three; and let the ſubſequent bo- 
dy be as two, and fall from the height of ſx inches, 
ſo that it's quantity of motion will be twelve; and 


the ſum of the two motions will be fifteen, which 
being divided by three, the ſum of the two 


bodies gives five in the quotient ; ſo that in this caſe, 
after the ſtroke the balls will aſcend to the height 
of five inches, and the motion of the greater will 
be as ten, and that of the ſmaller as five. 

As to the third general caſe, where the bodies 
move in direct oppoſition to each other, if they 
have equal quantities of motion, they will upon 
the ſtroke loſe all their motion, and continue at 
reſt; for by the propoſition, the bodies after the 
ſtroke will be carried with the difference of their 
motions before the ſtroke; which difference is ſup- 
poled to be nothing. Wherefore, if two equal Exp. 18. 


upon the ſtroke they will ceaſe to move; and the 
fame thing will happen where the balls are unequal, 
provided the heights from which they fall are reci- 
procally proportional to their quantities of matter; 
lor inſtance, if the balls be as one and two, let the Exp. 19. 
former fall from the height of ſix inches, and the 
latter from the height of three, and upon their meet- 
ug they will ſtand till, for in this caſe, the quanti- 
ties 
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Lx cry ties of motion, | whe 


IV. 


Orc COLLISION or 
will be equal. 


When two bodies meet with unequal quantitis 


Exp. 20. 


Exp. 21. 


of motion, if the difference of their motions h 
divided by the ſum of the bodies, the quotient wil 
expreſs. their common velocity atter the ſtroke 
for by the propoſition, the difference of theit ny 
tions before the ſtrake, is equal to the ſum of the 
motions after the ſtroke ; conſequently, that dif 
rence divided by the ſum of the; bodies muſt gin 
the velocity. Wherefore, if two equal balls 
clay be let fall at the ſame time, one from thi 
height of three inches, and the other from tie 
height of ſix, after the ſtroke they Will, aſcend ty. 
gether to the height of an inch and an half; for 
fince the balls are equal, their motions will be 4 
their velocities, that is, as ſic and three, the if. 
rence whereof is three, which being divided by two 
the ſum of the bodies gives one and an half in the 
quotient, | Af the balls be unequal in the proporti 
on, for inſtandce, of two to one ; and if that which 
is as two falls from the height of ſix inches, and the 
other from the height of three; after the ſtroke 
they will aſcend together to the height of three 
inches; for the greater ball being as two, and it's ve- 
locity as fix, it's motion is as twelve, whereas the 
ſmaller being as one, and it's velocity as three, it 
motion is likewiſe as three, which being ſubducted 
from the greater motion leaves a remainder of nine; 


and this being divided by three, the ſum of the bo- 


dies gives three for the common velocity, or the 
height to which the bodies will riſe. 

In order to diſcover the quantity of motion con 
municated by one body to the other, I ſhall lay 
down four rules adapted to the four general calcs, 
And Firſt, if one of the bodies be quieſcent at the 
time of the ſtroke, let that body be multiplied into 
the common velocity after the ſtroke, and the pro- 
duct will expreſs che communicated motion. IM 
65:3 | NC 
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other, þ ce that body had no motion before the ſtroke, it LI. 
manifeſt, that whatever motion it has after the IV. 
ntiti WY oke, muſt be communicated to it by the ftriking wyw 


ons h. hut that motion is as the product ariſing 
it wil om the multiplication” of the quantity of matter 
role the body into the common velocity, conſequent- 
F - y, that FOE expreſſes the communicated mo- 
chen 110 


ift. "Since the body Which. is at reſt before the ſtroke 
t gu gas no motion, but what is imparted to it by che p 
ill 0 riking body; and fince the motion of the ſtriking bh 
m tl 25 is by the propoſition to be divided between 
m thi the two bodies in proportion to their quantities of 
nch tWnatter; it follows, that where the ſtriking body is 
t; tor greater than the quieſcent, it will communicate leſs 
| be ® tan half it's motion, and where it is equal to it, ĩt 
diff. vill impart one half; and where it is leſs, more 
Y £0, than one half: and if the quieſcent body be infinite- 
in the Wh; great with reſpect to the ſtyiking body, which is 
port. Inn effect the caſe where the quieſcent body is fixed, 


which po as not to give way to the ſtroke, the ſtriking bo- 
Ng ts fy will impart all it's motion to the other; for as 
roke 


the quieſcent body is ſuppoſed to be infinitely great- 
; we er than the ſtriking body, the motion, which it 
it S VC eceives from the Aide body, muſt: bear an in- 


45 ths finite proportion to the motion remaining in the 1 
-c, u enking body; but as the motion communĩcated is 

aucted n finite quantity, it cannot bear an infinite proportt- 

| m on to the” remaining motion, unleſs that remaining 

he 


motion be in it' $ evaneſcent ſtate, and reduced to 
or the nothing. 1 

When bork the bodies: are in motion hikes the 1 
n con ſtroke, and their motions are directed the ſame 1601 
all lay WW way, which was the ſecond general caſe; the rule 
caſcs. for determining the quantity of motionomuni⸗ 
at the cate 18 as follows; Let the preceding body be 


d ino ¶muluplied into the common velocity after the ſtroke, | | 
e 155 and from tne product let the motion which it had 11 
of 


before the ſtroke be ſubducted, and the remainder 


ſince will 


4 


! 
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Lo T. will be the motion communicated. For the prody; 
IV. ariſing from the multiplication of the preceding 
body into the common velocity, gives the whole n 
tion of that body after the ſtroke, and therefor: 


if from thence be taken the motion which it haf 


before and independent of the ſtroke, the remain 
der mult be the motion acquired by the ſtroke. 
When the bodies move towards one another with 
equal quantities of motion, as in the third genen 
caſe; the motion communicated 1s equal to the my. 
tion of either before the ſtroke. For as in hi 
caſe, both their motions are deſtroyed by the ſtroke; 
it is plain, that which ever of the bodies is con; 
dered as giving the ſtroke (and either of them may' 
it muſt communicate juſt, as much motion to th: 


other, as the other has at the time of the ſtroke; 


for by this means the motion communicated, as it 


is directly oppoſed to the former motion of the bo- 


dy, will be juſt ſufficient to deſtroy the ſame, and 
by ſo doing cauſe the body to reſt. 

When the quantities of motion in two bodies mo. 
ving directly towards each other are unequal, which 
is the fourth general caſe; the motion communicz 
ted is determined by the following rule. Let the 
body which had the leſſer motion before the ſtroke 
be multiplied into the common velocity after the 
ſtroke, and to the product let the motion which it had 
before the ſtroke, be added, and the ſum will be the 
motion communicated. For as the body, to which the 
motion is communicated, does after the ſtroke move 
in a direction contrary to what it did before, it 1s 
evident, that beſides the motion, wherewith it is car 
ried in that contrary direction, it muſt have received 
as much more in the ſame direction, as was ſufficient 
to withſtand the motion it had before the ſtroke i 
an oppoſite direction; for till that motion was de. 
ſtroyed by an equal motion oppoſed thereto, the 
body could not change it's direction, and move 


backward. 
LECTURE 


Oz 


in the 
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45 

edi | 

ON LECTURE V. 

efore, | ? 

t hu Or THz CoLL1Si0N of ELasTICK Boris, 

main 

. AVING given you an account of the colli- 

: 8. ſion of bodies void of elaſticity, I come now 1 ah 
_ conſider the effects thereof in ſuch as are elaſtick ; Coynns 
ww which I mean bodies that conſiſt of ſuch parts 

role, #5 Yield and give way when preſſed, and which re- 

cons. ore themſelves upon the remoyal of the preſſure : 

544 if the force where with they reſtore themſelves be 

ha 0 exactly equal to the preſſure whereby they are bent 

Wee inward, then are the bodies ſaid to be perfectly elaſ- 


w tick; and ſuch are all thoſe bodies ſuppoſed to be, 
he bo. wherewith experiments are uſually made for con- 
firming the theory relating to the colliſion of elaſ- 
tick bodies ; but as there is not perhaps in nature 
any body perfectly elaſtick, if among the experi- 


e, and 


es mo- 

which ments that are now to be made, any ſhall be found 
June b vary a little from the theory, ſuch variation muſt 
* be looked upon as ariſing rather from the want of 
troke rfect elaſticity in the bodies, than from any error 
ter ue i the theory it ſelf, or in the calculations grounded 
\ 3thad thereon. 

Yaſs The method which I ſhall obſerve in treating of 
ich the the percuſſion of elaſtick bodies is this; Firſt, to 


lay down one general propoſition concerning ſuch 
percuſſion, and then, Secondly, to deduce the laws 
relating to the four general caſes mentioned in my 


e move 
e, Its 


a. 
= 4 laſt lecture, and to confirm each of thoſe laws by 
Micient IE MeEnts, 
roke in ö Before | lay down the propoſition, I muſt obſerve 
was de: Jou, that wherever I mention the ſtriking body 


to, the thereby mean that body which is in motion where 
move one of the two 1s quieſcent, as alſo that body which 
moves ſwifteſt when they both move the ſame way, 


run and laſtly, that body which has the greateſt quanti- 


Lancs 
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LE c r. ty of motion, when they move in oppoſition to on 
V. another, or in this caſe, if their; motions be equi] 
then either of them may be taken indifferently fo 
the ſtriking body. 
This being premiſed, the PRopos ir io is x 
follows. | 
Fe two bodies perfectly elaſtick, one be at reſt, au 
he other in motion; or if. they; both move either th 
fame or contrary ways, ſo as that one ſhall ſtrike th 
other ;, let them be conſidered as void of elaſticity, an 
by the propoſition laid down in my laſt lecture, let th} qu: 
mation of. each body after the ſtroke be found, and | duct 
one of the four rules laid down in the ſame lecture, || pod) 
the motion communicated by the ſtriking body to th | wid 
other be likewiſe found, and let this motion be ſul ſtrik 
ducted from the motion of the ſtriking body after th | vothe 
ſtroke, and added to that of the body which recemui Wha 
the ftroke, and the refidue will be the motion of th E. 
ſtriking body, and the ſum the motion of the other bi 
after reflection. For, ſince the bodies are ſuppoſed u the! 
be perfectly elaſtick, their parts which are bent h the. 
by the ſtroke will reſtore themſelves with a forc Will 
equal to that which bends them in, but the fort fell, 
which bends them in, is meaſured by the quantity Þ © If 
of motion communicated by the ſtriking body u ue. 
the other, and therefore the parts of each bod 3s fat 
which are bent inward will reſtore themſelves vi off v 
ſuch a force, as is ſufficient to generate a mo the 1 
tion equal to that which is communicated, conſe I ball 
quently, the bodies will by virtue of their clat Ks r 
city throw one another contrary ways, each with: I that 
quantity of motion equal to that which the ſtriking yonc 
body communicates to the other; for which realon, #! ler 
if that motion be ſubducted from the motion . Hl 1 
maining in the ſtriking body after the ſtroke, » bal, 
being contrary thereto, and added to the moto! relt, 
of the other body after the ſtroke, as conſpiring Be if 
therewith, the reſidue and ſum will give the tu. Aut 
motions of the bodies after reflection. 1 
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To apply what has been ſaid to the four general LRC. 


0 One b 
qui,] Faſes, the firſt, whereof is where one of the bodies IV. 
ly for Is at reſt at the time of the ſtroke. If a body per 
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To 


Fectly elaſtick {trikes another of the ſame kind and 
pf equal magnitude at reſt, the ſtriking body will 
ommunicate all it's motion to the other and remain 
at reſt; for by the firſt of the four rules laid down 
n my laſt lecture, the ſtriking body will, upon the 
ſtroke, communicate half it's motion, and by the 
propoſition now laid down, a. quantity of motion 
equal to that which is communicated, muſt be ſub- 
nucted from the motion remaining in the ſtriki 

Sody, and be added to the motion of the body 
which receives the ſtroke, by which means the 
ſtriking body will have no motion left; but the 
pther body will have a quantity of motion equal ta 
What the ſtriking body had before the ſhock. For 


2 confirmation of which, let two equal ivory balls Exp. 1. 


e ſuſpended as were thoſe of clay; and let one of 
the balls fall from any height, and ſo as to ſtrike 
the other at reſt, the ball which receives the {ſtroke 


ill aſcend to the ſame height from which the other 
fell, and will leave the other at reſt. 


> If inſtead of one there be two, three, or more Exp. 3- 


quieſcent balls contiguous to one another,that which 
s fartheſt removed from the ſtriking ball will fly 
off with the velocity of the ſtriking ball, and all 
the intermediate balls together with the ſtrikin 

ball will quieſce; for as the ſtriking ball imparts all 
it's motion to the firſt of the quieſcent balls, ſo does 
that in like manner to the ball which lies next be- 
yond it, and that again to a third, and ſo on; till 
at length the laſt ball meeting with none other to re- 
lit it, flies off with all the motion of the ſtriking 


wy leaving that and the intermediate ones at 
relt, 


If two balls be let fall together contiguous to one Exp. 3. 
another, upon the ſtroke the two fartheſt will fly 


off, leaving the others at reſt; for as the foremoſt 
3 of 
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LI r. of the two moving balls is carried equally ſwift wit 


V. 


au impreſſion from the ſubſequent ball; conſe. Þ 


* 4. 


ſmaller at reſt ; they will both move forward aftc! 


the ſubſequent, it cannot during it's motion receiy: 


quently, when 1t makes the ſtroke, it will produc: 
the ſame effect in the quieſcent balls as if the ſubſe. 
2 ball was away; that is, it will by means of 
e intermediate balls communicate all it's motion tg 
the laſt, and make that fly off; but no ſooner hx 
it made the ſtroke, and thereby parted with it's own 
motion, but the ſubſequent ball impells it, and im. 
parts to it all it's motion, and this motion being 
ropagated through the ſeveral intermediate balls x 
fore, makes the laſt but one to fly off, and that 
in ſuch a manner as to keep pace with, and cloſch 
purſue the other; becauſe in the ſame inſtant of 
time that the foremoſt of the two moving ball 
makes it's ſtroke,it likewiſe receives the ſtroke fron 


the hindmoſt ball, and of conſequence, the flying | 


off of the two laſt balls, which is the effect of the 
double ſtroke, muſt happen at one and the ſame 
time. | 

For the ſame reaſon that two balls fly off when 
the number of ſtriking balls is two, three will fly of 
when there are three ſtriking balls, and four, where 
there are four, and ſo on whatever be the number 
of ſtriking balls, an equal number will conſtantly 
g0 off. 

If two elaſtick balls be unequal, for inſtance, i 
one be double the other, and if the greater be let fal 
from the height of nine inches, and ſtrike the 


the ſtroke, the ſtriking body with one third of tit 
motion which it had before the ſtroke, and the oth! 
with two thirds ; and the ſtriking body will aſcend 
to the height of three inches, and the other to the 
height of twelve. For ſince the ſtriking body i 
the quieſcent as two to one, it will by the firſt a 
the four rules laid down in my laſt lecture, comm. 


nicate one third of it's motion to it, and on cr 
| 0 
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with Þ 3 f the elaſticity a quantity of motion equal to what Ls c T, 
ceive Þ & communicated, muſt be taken from the motion V. 
onle F'Þ&maining in the ſtriking body, and added to the weed 
oduce 


otion of the other; conſequently, the ſtriking 


ſubſ. ody will retain one third only of it's motion, the 
ans of ther two thirds being communicated to the body 
10n to hich receives the ſtroke ; wherefore ſince the ſtri- 


er ha king body is as wo, and the height from which it 
so {kills as nine, it's motion muſt be as eighteen, one 
1d im. third of which, to wit, fix, it will retain after the 
being Wxeflection ; and the other two thirds, to wit, twelve, 
alls Will be the motion of the other body, and theſe mo- 


I that bons being divided by the bodies, will give three 


cloſely N ind twelve for the quotients; which quotients are 
tant of , the velocities of the bodies after reflection, or as 
g bals he heights to which they aſcend. 
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e from WW On the other hand, if the larger ball be quieſcent, Exp. 6. 


flying Wand the ſmaller be let fall from the height of nine 
of the Winches, it's motion will be as nine, whereof two 
e ſame Wthirds will by the firſt of the four rules be commu- 

icated by the ſtroke to the greater, and one third 
* where ny will remain in the ſtriking ball, from which 
| fy off n account of the elaſticity muſt be taken as much 
, where WS was communicated to the larger ball, that is, two 
number Wſhirds, but upon ſubducting two thirds from one 


aſtantly ird, there will remain one third negative; which 
ess, that the ſtriking ball will be reflected with 
ance, || Wire third of the motion it had at the time of the 


e let fall WWroke, ſo as to aſcend backward to the height of 
ike the Wee inches; and the quieſcent ball to which two 
rd aftet Whirds of the ſtriking ball's motion was communi- 
4 of tht ¶ ted by the ſtroke, will likewiſe on account of the 
he other WWMſticity receive two thirds more, ſo as to be carried 
1 aſcend ¶ card with a motion equal to what the ſtriking 
r to tit ell had at the time of the ſtroke, and one third 
ody 1510 Bore 3 that is to ſay, with a motion which is as 
e firſt of eve, which being divided by two, the quantity 
commu ol matter in the ball gives fix for the velocity, or 


account 


e height to which that ball t uſt aſcend, 
0! 
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L zor. From what has been ſaid. it follows, that when! L 

V. the quieſcent ball is ſmaller than the ſtriking bal, > 
WY I there can be no reflection, becauſe in that caſe th 

ſtriking ball will, by virtue of the ſtroke, commum (EE: 

cate leſs than half it's motion, and the motion which K& 

is to be taken from the ſtriking ball, on account of KF, 

the elaſticity, being equal to the motion communi Jima 

cated, will upon the ſubduction always leave ſom Wat ©; 

motion in the ſtriking ball to carry it forward, cor: br in 

ſequently, it cannot be reflected. Where the tw 


3 | I; 
balls are equal there will be likewiſe no reflection, 11 
but the ball which was quieſcent will go forward ire 
with all the motion of the ſtriking ball, and th ver 


ſtriking ball will become quieſcent; as is eviden Why. 8 
from what was ſaid concerning that caſe. Bu db 
where the ſtriking ball is leſs than the quieſcent, the 8 
will be reflected, and there will likewiſe be an ag the tl 
mentation of motion in the greater ball; for t ill t 
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iN 
ö ſmaller ball muſt upon the ſtroke communicu nd t. 
| ; | more than half it's motion to the greater ball, oke 
| it | there muſt likewiſe, on account of the elaſticity, ai ſp; 
. much motion be ſubducted from the ſmaller ball,anW:ok+ 
| j | added to the larger, as is communicated ; when Hep. 
1 | fore, ſince two equal pgs of motion, each d 1 p 
1 which exceeds half of the ſmaller ball's motion ul 
11.8 are to be ſubdued from the ſmaller ball, and Erne 
1 given to the larger; it is | pum that the fmalle * oa 
| ö mult loſe all it's motion and ſomething more, tel in 
— is, it muſt be carried backward or reflected; ave ſec 
' i the greater ball muſt go forward with more mot10Wreſſed 
18 than was in the ſmaller at the time of the ſtroh the 


that is, there will be an augmentation of motion; 
and the exceſs of motion in the greater ball, abovetit 
motion which the ſmaller ball has at the time of tis 
ſtroke, is ever equal to the motion wherewith rhe 
ſmaller ball is reflected after the ſtroke, as is evicedl 
from what has been ſaid. If therefore motion 
communicated from a ſmaller elaſtick body !0 


larger, by means of ſeveral intermediate 18 9 
ht 2 las 
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3 arger than the other, the motion will be augment- LE Or. 
d in each of them, and the motion of the laſt will : 
greatly exceed that of the firlt ; and this augmenta- 2 
ion of motion is greateſt when the bodies are in a 
geometrical progreſſion ; for inſtance, if there be 


two bodies which are as one and four, and if the 


maler communicates motion to the larger by means 
pt one intermediate body, the motion will be great- 


tr in the larger body, if the middle body be as two, 


that is, a geometrical mean between the two; than 


if it be as one and an half, or two and an half, or 


three, or in ſhort in any other proportion what- 


ver but that of the geometrical mean. For 
the proof of which, let the lefler body be expreſ- 
ed by unity, and the larger by the ſquare of a, and 
the geometrical mean will be expreſſed by a; ſo that 


he three bodies taken in their order from the leaſt, 


Fill be expreſſed by the ſymbols in the firſt ſtep, 
Ind the motion produced in the ſecond body by the 


Wroke of the firſt, will be expreſſed by the ſecond 
ep; and the motion produced in the third by the 


Kroke of the ſecond, will be expreſſed by the third 


wr Nep. Again, let another body greater or leſs than a 
— e ſubſtituted in the room thereof, and let the dif- 
all, and krence between that body and a be called x, in 

{all is caſe, the bodies will be expreſſed by the ſym- 
Ore, trails in the fourth ſtep, and the motion produced in 
ted; ue ſecond by the ſtroke of the firſt, will be ex- 


e motid 
> ſtrokd, 


motion; 


Peſſed by the fifth ſtep; and the motion produced 
the third by the ſtroke of the ſecond, will be ex- 
Welled by the ſixth ſtep ; but this fraction of the 


aboveti Wh ſtep is leſs than that of the third ſtep ; for if 
me of u em the product arifing from the multiplication of 
ewith ue denominator of this fraction into the numerator 
is eviceil that, be ſubſtracted, the product which ariſes from 
notion Age multiplication of the numerator of this into the 
body 0 nominator of that; that is, if from the ſeventh 


dies ea 
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L x r. ſtep the eighth be ſubducted, there will remain the | 


V. 


—ů— Whence it appears, that the former produt i; E 
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quantity which is expreſſed in the ninth ſtep. 


greater than the latter; and therefore, by the 20 
Cobol. of the 19th Prop. of the 7th book of th: 

elements, the numerator of the former fraction 
bears a greater proportion to it's denominator, than 
that of th: latter fraction does to it's denominator, 
that is, the fraction in the third ſtep which expreſs; i 
the motion of the greateſt body when the interme- 
diate one is a geometrical mean, is greater than tl 
fraction in the ſixth ſtep, which expreſſes the mot; 
on of the greateſt body when the middle body 
not a geometrical mean, conſequently, the motion 
is more augmented when the intermediate body 1s: 
geometrical mean, than when it is greater or lch 
any proportion. 
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To give you an inſtance, how prodigiouſly m 
tion may be augmented by being ſucceſſively co 
municated to ſeveral bodies in a geometrical? 
greſſ100 
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n the Another, each ſucceeding body exceeding the fore- 


it 5 Þ Snotion be communicated through the ſeveral inter- 


he 21 Þ Snediate bodies from the firſt to the laſt, it will be ſo 
of the far augmented, as to be two hundred thouſand times 
action Ereater in the laſt body than in the firſt ; ſo that if 
„tha e ſuppoſe the firſt to be a cannon ball, moving 
nator, FAvich the ſame velocity wherewith it flies from the 
preſs mouth of a cannon, which from the obſervations of 
terme: Mr. Dern am, I ſhall ſuppoſe to be at the rate of 
1an tie bi feet in a ſecond, though there are pieces of can- 
e mot pon which diſcharge their balls with double that ve- 
ody i Aocity, the motion of the laſt body will be ſo great 


motion Was if applied to the ball would carry it at the rate of 
ody 13: above twenty three thouſand miles in one ſecond of 
r lets h my which velocity 1s five thouſand times as great 
the velocity of a body revolving about the carth, 

Eby the force of gravity at a ſmall diſtance from its 
furface ; for a body ſo revolving will not come 

= in leſs than an hour and twenty four mi- 

utes. 

From the increaſe of motion in claſtick bodies, a 

raſon may be drawn for the augmentation of ſound 

I ſpeaking trumpets; for as the ſpeaking trumpet 

6 narroweſt at the mouth-piece, and thence widens 

anc enlarges continually to the extremity, the air 

Within it, which is an elaſtick fluid, as ſhall be ſhewn 

hereafter, may be conſidered as divided into a great 

gumber of cylindrical bodies, of very ſmall but 

qual altitudes, the baſis of the firſt being equal to 
e mouth of the trumpet, and the baſes of the reſt 
Wicrealing one above another as they are more and 
Dore removed from the mouth; upon which ac- 
Punt the motion that is impreſſed by the force of 
e voice on the firſt cylindrical body of air, grows 
ger in the ſecond, and larger ſtill in the third, 
Wd ſo on, till at length at the exit of the tube it 
Feomes ſo large as to magnify the ſound to a great 
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Lor. degree; and of the ſeveral kinds of trumpets, those 
. 
WV ariſes from the revolution of the logarithmick curve 


Pl. 2. 


Fig. 8. 


Or Tus COLLISION or 
magnify the ſound moſt, that are of ſuch a figure x 


about it's axis; that is, let A G be the logarithmick 
curve, and H O it's axis, the figure ariſing from the 
revolution of AG about H O, is ſuch as a ſpeaking 
trumpet ought to have in order to give it the great. 
eſt advantage poſſible. For from the nature of the 
curve, if HI, IK, KI, LM, and fo on, bets 

ken equal; the ordinates HA, IB, KC, LD, 

and fo on, are in geometrical proportion; where. 

fore if HI, IK, and fo on, be taken very ſmal) 

they will repreſent the equal altitudes of the cylin-| 
drical bodies of air in the trumpet; and the ord: 

nates H A, I B, and ſo on, will be the radi of ther 

baſes, and the bodies of air being of equal heights 

w1ll be to one another as their baſes, that 1s, as the 

ſquares of their radii; but the radii being to one 

another in a geometrical proportion, their ſquare 

will be ſo too; conſequently, the little cylindrica 

bodies of air will be in a geometrical progreſſion 

the ſmalleſt whereof lies next the mouth, and the 

largeſt at the exit of the tube; for which rea(on 

the augmentation of ſound will be greater, ctr: 

paribus, in a trumpet of ſuch a form than of aye 
other form whatever. 

But to proceed to the ſecond general cafe, where 
in both the bodies move one and the ſame way, but 
the ſubſequent more ſwiftly than the preceding. 

If two equal elaſtick bodies move in the ſame: 
rection, and in ſuch a manner as that one may ove! 
take and ſtrike the other, upon the ſtroke they vil 
change their quantities of motion with each other; 
for inſtance, if the motion of the ſubſequent bod 
before the ſtroke be double the motion of the pt 
ceding body, then will the preceding body after tit 
ſtroke, have double the motion of the ſubſequent 
body after the ſtroke ; and the preceding body a 


ter the ſtroke, will move with the ſame wars 
ans W 5 whett 


ure 81 a 
eum ſtroke be carried with the velocity of the preceding. 
\mick body before the ſtroke; ſo that * the Rroke = 
im the | bodies will change their motions and velocities. For 
-aking i ſince by ſuppoſition the ſum of the motions is three, 
ora and fince the bodies are equal, the motion of each 
of the | Efter the ſtroke, ſetting aſide the elaſticity, muſt be 
be u one and an half; and by the ſecond rule for deter- 
Lo, mining the quantity of motion communicated by 
where he ſtriking body to the other; the motion com- 
- ſmall, unicated in this caſe will be as one half, and fo 
- cylin-| Aikewiſe will the motion ariſing from the claſticity, 
e ordi which being deducted from the motion which re— 
of cher mains in the ſtriking body after the ſtroke, and 
heiche | added to that of the preceding body, leaves the 
te motion of the former as one, and of the latter as 
to one i two ; ſo that upon the ſtroke the motions will be 
ſquars i Changed. Wherefore if two ivory balls of an 
5 drica qual fize be let fall at the fame time, one from the 
orefſion height of ſix inches, and the other from the height of 
and the three, after che ſtroke, the preceding ball will riſe to 
\ reaſon dhe height of fix inches, and the ſubſequent to the 
calm beight of three only. | 
1 of ar If the bodies be unequal and move the ſame way, 
cir motions and velocities after the ſtroke may in 
„ here Ike manner be diſcovered by the help of the propo- 
ray, buff tion. For inſtance, if the ſubſequent body be as 
eding. vo, and have twelve parts of motion, and the pre- 
ſame d. Feding body as one, and it's motion as three ; the 
1ay over Potion of the ſubſequent body after the ſtroke will 
they wil ge as eight, and that of the preceding body as ſe- 
ch other; Wen, and the velocity of the tormer will be as four, 
ent bod nd that of the latter as ſeven; for the ſum of the 
f the pr motions before the ſtroke being fifteen, and 
after tee bodies being as one and two, the motion of the 
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thoſe EG wherewith the ſubſequent body moved before the Le 
ſtroke; and the ſublequent body will after the 


ker body after the ſtroke, ſetting aſide the elaſti- 
Wty, will be as five, and that of the greater as ten; 
the motion of the leſſer body before the ſtroke 
| F 4 Was 


1 
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LE r. was as three, conſequently, the communicated mo. 
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tion is as two; wherefore adding ſo much on account 
of the elaſticity to the motion of the leſſer boch, 
and ſubducting as much from that of the greater bo- 
dy which in this caſe is the ſtriking body, we ſhall ! 
have eight for the motion of the greater, which be. 
ing divided by two, the quantity of matter in the 
greater, gives four for it's velocity; and we ſhal 
have ſeven for the motion of the leſſer body, which 
becauſe the quantity of matter in the leſſer is as one, 
will Iikewiſe expreſs the velocity. Wherefore if tuo 
ivory balls one double of the other be let fall at the 
ſame time, the larger from the height of ſix inches 
and the ſmaller from the height of three, after the 
ſtroke the leſſer will aſcend to the height of ſeven 
inches, and the greater to the height of four, 
On the other hand, if the ſmaller ball be let fil 
from the height of ſix inches, and the greater fron 
the height of three; after the ſtroke the leſſa 
will aſcend to the height of two inches, and th: 
greater to the height of five, and the motion d 
the former will be two, and that of the latter ten 
for ſince the ſmaller ball is as unity, and falls fron 
the height of ſix inches, it's motion at the time d 
the ſtroke is ſix; and ſince the larger ball 15 
two, and falls from the height of three inches, tit 
motion thereof at the time of the ſtroke is likcuit 
ſx; and the ſum of thoſe two motions which | 
twelve, being divided between the bodies in pro 
portion to their quantities of matter gives eight 
the motion of the greater, and four for the motiu 
of the leſſer, which motions they would have att 
the ſtroke, ſuppoſing they were not elaſtick ; 21! 
fince the motion of the greater body before ti 
ſtroke was ſix, the motion communicated to it ly 
the ſtroke is two, which by reaſon of the elaſtich 
being ſubducted from four, the motion of i" 
ſtriking body, and added to eight, the motion 


the other body, gives two and ten for the mot 
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1 the two bodies, which motions being divided by the Lx 
&- ſpective bodies, give two and five for the velocities. V. 


If two equal bodies meet one another with equal gw 


Suantities of motion, which is one branch of the 
Fhird general caſe, they will rebound with the ſame 
Motions and ſame velocities wherewith they ap- 
proached; for were they void of elaſticity they 
ould upon the ſtroke ſtand ſtill, becauſe they 
communicate to one another a quantity of motion 
equal to that which each of them has at the time of 
the ſtroke, and that in a contrary direction; but by 
the propoſition, each of them muſt on account of 
the elaſticity receive as much motion as was com- 
municated by the ſtroke; and the motions which 
are thus received by the bodies being equal, and 
contrary to the motions wherewith the bodies met, 
and which were deſtroyed by the ſtroke, muſt car- 
ry the bodies backward with the ſame velocities 
Ewherewith they approached. Wherefore, if two 
equal ivory balls be let fall at the ſame time from 
equal heights, ſo as to meet one another, upon the 
Eitroke they will be reflected back to the heights 
from which they fell. 
lk the balls be unequal, for inſtance, if one be 
double the other; let the larger fall from one half 
only of the height from which the ſmaller deſcends, 
by which means when they meet their motions will 
be equal, and upon the ſtroke they will be reflected 
| cach to the height from which it fell. 
Where the bodies meet one another with unequal 
motions, which is the fourth general caſe, if the 
bodies be equal, they will both be reflected, and 
each of them will recede with the motion and 
velocity wherewith the other approached; that is, 
they will change their motions and velocities ; for 
let us ſuppoſe the motions of the two bodies to be 
as ix and three; if they were void of elaſticity the 
body which has the ſmalleſt quantity of motion 
wouid upon the ſtroke be turned back, and the two 
2 bodies 
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Lier. bodies would be carried with the difference of ther 
motions divided equally between them, that is, t 
notion of each would be as one and an half, ay 


the motion communicated would by the fourth 
rule be as four and an half; but a quantity of ms 
tion equal to what is communicated, mult be ſub. 
ducted from the motion remaining in the ſtriking 
body, and added to the motion of the other, tha 
is, four and an half muſt be ſubducted from ons 
and an half, and likewiſe added thereto ; wherchy 
there will be three negative for the motion of the 
ſtriking body, which ſhews that 1t will be carrie 
back with a motion which is as three; and there 
will be ſix poſitive for the motion of the other body, 
which ſhews that it will be carried with a motion 
which 1s as fix, in the direction of the ſtriking bo- 
dy before the ſtroke ; that is, it will be reflected; 
ſo that each of them will be carried back with the 


Exp. 12. motion wherewith the other approached. Where 


fore, if two equal balls of ivory be let fall at th: 
fame time, one from the height of ſix inches, and 
the other from the height of three ; upon the ſtroke 
they will return back, but that which fell from the 
height of ſix inches will riſe only to the height of 
three, whereas that which fell from three inches wil 
riſe to ſix. 

If the balls be unequal, and meet one another 
with unequal quantities of motion, their motions 
after the ſtroke may in like manner be determined 
by the help of therule laid down in the propoſition; 


Exp. 13. for inſtance, if two ivory balls which are as one and 


two be let fall at the ſame time, the greater from 
the height of ſix inches, and the ſmaller from the 
height of three; in this particular caſe, the greater 
ball will upon the ſtroke loſe all it's motion, and the 
ſmaller will be reflected with the difference of their 
motions, ſo as to riſe to the height of nine inches; 
for ſince the larger ball, which deſcends from tht 
height of ſix inches, is as two, it's motion , as 
| | twelve, 
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* | relve, whilft the motion of the ſmaller ball, which 
18, th: 


as unity, and deſcends only from the height of 
Mree inches, is as three, the difference of which 
Motions is nine; and this being divided between the 
bodies in proportion to their quantities of matter, 


” 


lub. gives fix for the motion of the larger, and three 
triking f 


or that of the ſmaller; and with theſe motions the 
bodies would be carried after the ſtroke, ſuppoſing 
they were void of elaſticity ; but becauſe of the 
elaſticity, a quantity of motion equal to what is 
communicated by the ſtriking body to the other, 
which in this caſe is fix, muſt be taken from the 
motion of the greater body, and added to that of 
the ſmaller, which two motions being {ix and three, 
the remainder after ſubduction, which expreſſes the 
motion of the greater body, will be nothing ; and 
the ſum ariſing from the addition, which expreſſes 


the motion of the ſmaller ball, will be nine. 


LECTURE VI. 


Or THE CENTER OF GRAvITY, Ba- 
LANCE, AND LEVER. 


Y deſign in this lecture is to give you an ac- | ; «+, 


count of the firſt and ſecond of the mecha- 


nic powers, commonly called the balance and the! 


lever; but I ſhall firſt take notice of ſome things re- 
ating to heavy bodies, the knowledge of which is 


in a great meaſure neceſſary to the right under- 
landing of what ſhall be ſaid concerning the me- 
chanic powers in general. And firſt, in every 
ody there is a certain point, commonly called by 
the writers of mechanics, the center of gravity z 
the nature of which will beſt appear from it's chief 


properties, which are theſe. 
it, If a body be ſuſpended by it's center of gra- 


ſyity, it will continue in any poſition whatever 


wherein 


1 

'$ 
l 
' 
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Lt cT. wherein it is placed; whereas if it be ſuſpended h. 


VI. any other point, it will not reſt in any other poſitich 


1 but where the center of gravity is either direct 
. 


Lxp. . 


above the center of gravity; the former will re{ 


above, or directly beneath the point of ſuſpenſion, 
thus, if two beams be ſupported, the one by a 
axle paſſing through it's center of gravity ; the othe 
by an axle which doth not paſs through the center 
gravity, but through ſuch a point, as when the bean 
is parallel to the plane of the horizon, lies direct 


in any polition, whether it be perpendicular, para 
le], or inclined to the horizontal plane; but the 
latter will reſt in the parallel poſition only; and 
ſhould it by any force be removed from that pol. 
tion, it will, upon the removal of the force, begin 
to move in order to recover the paralle] poſition, and 
after ſeveral vibrations will at length —— therein, 

A ſecond property of the center of gravity is, that 
where that is ſupported the whole body is likewiſe 
ſuſtained; for which reaſon the whole weight of 
body may be looked upon as applied to that ſinge 
point and as centered therein. 

A third property of this center is, that it continually 
endeavours to move downward towards the center o 
the earth, and where all lets and impediments are r the 
moved does actually deſcend; and therefore if in any to t 
caſe a body ſeems to move upward by the force of ¶ dici 


gravity, it will be found that the center of gravity the 


deſcends notwithſtanding any appearance to the com Narr 
trary. Thus, if two rulers be ſo placed as to meet Nou 
in an angle at one of their ends, and there to ft rule 
upon an horizontal plane, whilſt at their other en NCiat 
they are raiſad a littie above the plane; and 11a don 
body conſiſting of two equal ſimilar cones united bac 
at their baſes, be laid upon the rulers in ſuch a ma- If 
ner, that the edge of their baſes may lic be- fe 
tween the rulers, it will when left to it ſelf begin to by | 
roll towards the elevated extremities of the ruler, Wfhide 
and upon that account appear to aſcend, wheres W 
TCA) 4 
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FFality it moves downward ; for if a ſtring be Lzcr. 
Fretched horizontally beneath the rulers, ſo as that it 
Pay touch the edge of the baſes of the cones at the yo 
Soncourſe of the rulers,itwill be found that the edge 
bf the baſes deſcends below the ſtring, and that 
More and more as the body moves nearer to the 


$izher end of the rulers. 
$ ' Whilſt the body rolls upon the rulers, the parts 
pf the cones which reſt thereon do, by reaſon of the 


Fidening of the rulers, grow continually ſmaller ; 


bpon which account, at the fame time that the bo- 
fy aſcends along the plane of the rulers, it is as it 
were carried down another plane equal in length to 
the ſide of the cone, and whoſe perpendicular alti- 
tude is equal to the ſemidiameter of the baſes of the 
tones; and therefore, if the perpendicular altitude 
of the rulers in that part where their diſtance is 
equal to the length of the double cone, be leſs than 
the ſemidiameter of the baſes, the body will move 
up along the rulers, becauſe, by ſo doing, it will in 
reality deſcend, and the deſcent thereof will be 
equal to the difference between the ſemidiameter of 
their baſes, and the perpendicular altitude of 
the rulers in that part where their diſtance is equal 
to the length of the cones ; but if that perpen- 
dicular altitude be equal to the ſemidiameter, 
the body will reſt on any part of the rulers, being 
carried as much upward on one account, as it is 
downward on the other; and if the altitude of the 


Erulers be a little increaſed, ſo as to exceed the ſemi- 


diameter of the baſes of the cones, the body will roll 
down the rulers, and thereby deſcend through a 
pace equal to that exceſs. 


of gravity near one of it's ſides, which may be done 
by making a wooden cylinder hollow towards one 
| ide, and then filling itwith lead ; when it is placed 
on an inclined plane in ſuch a manner as that =_ 
] ide 


If a cylinder be fo contrived as to have it's center Exp. z. 


84 Or THz CENTRE or GRAVITY. 


Lzcr. ſide which is neareſt to the center of gravity may lea 
VI. towards the upper part of the plane, it will aſcend 
provided the inclination of the plane be not to 
ſmall, but the center of gravity will at the ſam: 
time deſcend; for it will ſuitably to it's nature en. 
deavour to, move downward, and thereby cauſe te 
cylinder to revolve about it's axis; and this revoly. the 
tion will make the cylinder, and conſequently it: ¶ hne 
center of gravity, to move up the plane; fo tha N bf 
the center of gravity will have as it were two mo- an 
tions, one upward, ariſing from the progreſſion c © 7 
the cylinder along the plane, the other downward, \ 
occaſioned by the rotation of the cylinder about it; hat 
axis; but the deſcent occaſioned by the latter mo- bf g 
tion, will be greater than the aſcent ariſing from Hot 
the former; as will appear by ſtretching a line ho. line 
| rizontally at the ſame height with the center ofgr K 
| vity before the cylinder begins to rowl, for after the I Ant 
rotation ceaſes the centre of gravity will be beneath Em. 
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1 the line; ſo that upon the whole, that center vil Ine 
nv be found to deſcend notwithſtanding the aſcent qi 
| the cylinder on the plane, 0 te 

When the elevation of the plane becomes ſo great WW], F f 
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| that the aſcent ariſing from the progreſſion become bodi 

| equal to, or greater than the deſcent ariſing from anc 
1 the rotation, the cylinder will, in the former cat, lin 
If continue at reſt, and in the latter rowl down the dat! 

| il plane. IT. 
14 A line drawn from the center of gravity of any eint 
# body, perpendicular to the plane of the horizon, by d 
called = line of direction of the center of gra- uche 

ty, becauſe when the body is carried downward 9 f I 

the force of gravity, if it meets with no let ft 

obſtacle, it's center of gravity will deſcribe that line. Ne 

The chief 26g rang of this line is, that as long a th 

it falls within the baſe of the body, ſo long the bo MNCIs 

dy ſtands, whereas no ſooner does it fall beyond the NR 

baſe, but the body tumbles ; as will appear fron WWF 
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Ihe following experiment; let a piece of wood be LE c T, 


8 


t on a moveable plane with a plummet hanging VI. 


From it's center of gravity, and let the plane be gra. 
Dually elevated till at length the plum-line, (which, Exp. 4. 
sit is always perpendicular to the horizon, will re- 


preſent the line of direction,) falls beyond the baſe; 
the wood will not tumble as long as the plummet 
ne falls within the baſe, whatever be the elevation 


pf the plane whereon it ſtands, but the moment 


Flat line gets beyond the baſe the body falls. 

The reaſon why a body ſtands during the conti- 
1 of the line of direction within it's baſe is, 
hat no motion can ariſe in any body from the force 
L gravity, unleſs the center of gravity can by ſuch 
motion be carried downward ; but as long as the 


* 


Ine of direction of any body falls within the baſe, 


rs center of gravity is ſupported, and therefore 
tannot deſcend; and conſequently, the body will 
temain unmoved ; whereas upon the removal of the 
ine of direction beyond the baſe, the center of gra- 
pity ceaſes to be ſupported, and is therefore at liber- 


y to deſcend. 


| From what has been ſaid it appears, why, among 
bodies deſcending on inclined planes, ſome, for in- 
Rance cubes, only ſlide, whilſt others, as globes or 
Fylinders, rowl ; the lines of direction falling be- 


death the baſes of the former, but not the latter. 
The center of motion in any body is a fixed 
point or axis about which the ſeveral parts of a bo- 


N move, and in moving deſcribe circular 
Arches. | | 


- 


The direction of any power or weight is, that 
rait line wherein it moves or endeavours to 
ove, And the moment of any power or weight 
that force wherewith it either moves or endea- 
Durs to move, and it is always proportional to the 
Noduct ariſing from the multiplication of the pow- 
For weight into the velocity wherewith it moves 
would move if it were not hindred by ſome op- 
3 poſite 
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LECT. 


LA— or power into it's velocity, be equal to the produ/ 


Exp. 5. 


Or Tut BAL ANCE. 


poſite power or weight; and therefore, if the pr; 
duct ariſing from the multiplication of one weight 
ariſing from the like multiplication of any other 
weight or power into it's velocity, the moment; q 
thoſe two weights or powers muſt be equal; and 
this will always be where the weights or powers au 
to one another reciprocally as their velocities ; c. 
ſequently, two weights or powers may balance, | 
as much as one exceeds the other in magnitude ſi 
much muſt it be exceeded by the other in velocity; 
and herein conſiſts the whole force and efficacy i 
all mechanical engines; for they are ſo contriveds 
to diminiſh the velocity of one weight or power au 
to increaſe that of the other, by which means a ye 
ry ſmall weight or power may become a balanc: 
to one exceedingly great, as will appear from what 
ſhall be ſaid concerning the mechanick power, 
which are commonly reduced to ſix, namely, the 
balance, the lever, the pulley, the axle in the whet, 
the wedge, and the ſcrew, of each of which in ther 
order. | 

The BaLancr, ſtrictly ſpeaking, is a bean 
ſupported by an axle whereon it turns; which e 
therefore is the center of motion; the parts of the 
beam which lie on each ſide of the axle are calle 
it's arms, and thoſe parts of the arms to which tit 
weights are applied are called the points of ſuſper- 
ſion; concerning which it muſt be obſerved, tha 
the appending weight, whatever be the length of tl: 
cord by which it hangs, acts with the ſame fort: 
and in the ſame manner as if it's center of gravity vi 
applied to the point of ſuſpenſion ; ſo that it matte 
notjwhat the diſtance is between the weight and pont 
of ſuſpenſion, as will appear from the following & 

riment. Let a weight appended at one arm 017 
balance be counterpoiſed by a weight at the oth 
and let it by means of a cord be hung at differ 


diſtances below the point of ſuſpenſion ; the pow 


bk or Tur BALANCE, 


f the balance will remain unvaried, and the weights LC T, 
ill continue to counterpoiſe each other at all thoſe VI. 
Hiſtances. 1 
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The moment of any weight appended at the arm 


pf a balance, is proportional to the product ariſing 


From the multiplication of the weight into the dif- 


dance of the point of ſuſpenſion from the axis of the 
ÞSalance; for, as was before ſaid, the moment of a 
weight is proportional to the product of the weight 
Into it's velocity, and in this caſe the N of the 
Frcight is as the diſtance of the point of ſuſpenſion 
From the axis; for ſince the weight acts in the ſame 


manner as if it's center of gravity was applied to the 
point of ſuſpenſion, whatever be the velocity where- 
With that point moves round the axis, the ſame will 
the velocity of the weight be; but the velocities 
herewith the ſeveral points in the arm of a ba- 
Jance move round the axis, are as the ſpaces, that 
Is, as the circular arches, which they deſcribe in the 
ſame time, which arches from the nature of the 
circle are to one another as their reſpective radit, 
that is, as the diſtances of the points from the axis. 


Thus, if A B repreſents the arm of the balance pl. 2. 
moving round the axis at A, the velocities of the Fig. 9. 
oints Band D, which deſcribe the arches BC and Exp. 6. 


DE, will be as thoſe arches, becauſe they are de- 
ſeribed in the ſame time; but from the nature of tte 
Circle, thoſe arches are to one another as their radii 
AB, and AD, that is, as the diſtances of thoſe 
points from the axis ; conſequently, the moment of 


Ez weight appended at the arm of a balance, is as 


the product of the weight into the diſtance of the 
* of ſuſpenſion from the axis. Whence it fol- 


Joys, that if two weights be appended at the arms 


of a balance in fuch a manner, as that the diſtances 
of the points of ſuſpenſion from the axis ſhall be re- 
Clprocally proportional to the weights, thoſe weights 


| Will counterpoiſe each other, and the balance will 
be in equilibrio ; for inſtance, if two equal weights 
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—— rallcl to the horizon, the weights in this caſe coun. 


Exp. 7. terpoiſing one another. Again, if one weight h. 
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LE er. be applied at equal diſtances from the axis, the hy 
VI. lance will not incline to either fide, but remain yy. 


larger than the other in any proportion, for inſtance 
in the proportion of three to one, if the point x 
which the ſmaller 1s applied be thrice as far diſtan 
from the axis as the point at which the larger is a 
plied, the balance will be in equilibrio. | 
On this æquilibrium ariſing from the ſuſpenſion of ¶ pro 
weights at diſtances reciprocally proportional to the wei 
weights, is founded the Statera Romana, otherwit fror 
called the ſteel- yard, which conſiſts of two atm xxiſ 
very unequal in length, but equally poiſed by mear; Won 
of a weight annexed to the ſhorter, from which WT hi 
likewiſe hangs a ſcale in order to receive ſuch thing ¶ pen 
as are to be weighed ; the longer arm is divided in Wand 
to a number of equal parts beginning from th: MWanch 
axis, and ſuſtains a weight which ſlides from on: eff 
end to the other; which weight being aplied ud 
the ſecond" diviſion, will counterpoiſe double the Wench 
weight in the ſcale of the ſhorter arm, that it will MWithe 
when applied to the firſt diviſion z and triple wh Nuanc 
applied to the third diviſion; and ſo on, whatever 0 
the diviſion to which it is applied, the weight in th: Ife, 
ſcale of the ſhorter arm muſt be proportional ther Nd 
to; otherwiſe the products ariſing from the mult. nt 


plication of the weights into their reſpective d 1 
tances from the axis would not be equal, and co Pur 
ſequently would not balance each other. bod 


On the ſame equilibrium is likewiſe founded the rac 
deceitful balance, which is ſo contrived as though one 
arm be longer than the other, yet is the ſhorta 
made ſo much thicker than the longer, as thereiy 
exactly to poiſe the ſame ; upon which account tix 
balance appears to be juſt, and conſequently ſuc 
weights as counterpoiſe are judged equal, wheres 
in truth that which is appended at the longeſt arm 
is leſs than the other, and that in the proportion q 
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he length of the ſhorter arm to that of the longer; Le c T. 
For inſtance, if the longer arm be to the ſhorter as VI. 
ten to nine; a weight of nine ounces applied at the 


Jonger arm, will counterbalance ten ounces append- 


d at the ſhorter. | 


Several weights appended at ſeveral diſtances 


From the axis in one ſide of a balance, will counter- 
poiſe ſeveral others appended likewiſe at ſeveral dif 


tances on the other {ide ; provided the ſum of the 


products which ariſe from the multiplication of the 


weights on one fide into their reſpective diſtances 
from the axis, be equal to the ſum of the products 
ariſing from the like multiplication of the weights 
pn the other ſide into their reſpective diſtances. 
Thus, if on one fide a weight of one ounce be ap- 


: ; Exp. 10. 
pended at the diſtance of two inches from the axis, * 


and another of two ounces at the diſtance of three 


inches, and a third of three ounces at the diſtance 
of four inches; and if on the other fide be append- 
ed one weight of five ounces at the diſtance of an 
Inch from the axis, and another of three ounces at 
the diſtance of five inches; the two latter will ba- 
Jance the three former; for the product of five in- 
to one, being added to the product of three into 
hve, gives the ſum of twenty; as does likewiſe the 
addition of che three products of one into two, two 
into three, and three into four. 


The chief uſe of the balance commonly called a 


pair of ſcales, is to compare the weights of different 
bodies together; and that this machine may be as 
Exact and perfect as poſſible, it is requiſite, 1ſt, 
at the center of gravity of the beam be placed 


little below the axis, becauſe in this caſe, when 


ſWicre is an equilibrium, the beam will not reſt in 
ny polition but the parallel; conſequently, the 
Peights which are compared together will appear 
be equal, as they really are; whereas if the axis 
Pe placed beneath the center of gravity, ſhould the 
Fenter of gravity be moved out of the as 
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Or THE BALANCE. 


return, but from it's tendency downward will be 
carried lower, ſo as to give the beam an inclined p. . 
ſition; for which reaſon the weights will appear tun f 
be unequal, though in reality they are not ſo; and tie 
ſame inconvenience will arite if the axis paſſes through 


the center of gravity, for in that caſe it has ben Ine 
already ſhewn, that the beam, notwithſtanding the 


equilibrium, will reſt in any poſition. 
Secondly, the arms of the beam ought to be ex WT | 
actly equal both as to weight and length, the rex ber 
ſon of which is evident, from what was faid cm. $1. 
cerning the deceitful balance. T 
T hirdly, the points from which the ſcales ar: by 
ſuſpended, ought to be in one right line paſſing Wh: 
through the beam's center of gravity ; for by ths We 
contrivance the weights will act directly againſt each N haf 
other, ſo that no part of either will be loſt on ac- Wh: is 
count of any oblique direction. we. 
Fourthly, the friction of the beam againſt the 1 
axis ought to be as little as poſſible ; becauſe, ſhould y. i 
the friction be great, it will require a conſiderabł Mher 
force to overcome it; upon which account, thou Net 
one weight ſhould a little exceed the other, it wil the x 
not preponderate, the excels not being ſufficient v ap 
overcome the friction, and bear down the beam. Me f. 
That the friction may be as little as poſſible, the Nreſſe 
arts of the beam which play upon the axis, as alf \ 
the axis it ſc!t, ſhould be well poliſhed, and the π H 
ſhould be made as ſmall as the uſes of the balance MAC j 
will admit; but as friction cannot be intirely pre- WW, 4 
vented, to remedy the inconveniences ariſing tron WW 
it as much as poſſible, the arms of the beam og 
to be made as long as they conveniently can; bt 
cauſe the longer the arms are, the leſs will the 


x : - of 
weight be that 1s requiſite to overcome the friction; "a 
the moments of weights increaſing in proportion v Aut 


their diſtances from the center of motion, as ha- 
been already ſhewn. 105 
31 1a 
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I ſhall cloſe what T had to fay conceming the LEO · 


Palance, by laying before you one property of it, V. 
Svhich is ſome what ſingular and furpriſihg; though it WV 
Has not, that I can find, been taken notice of by any 

bf the mechanick writers, * namely, that if a man Exp. 11. 
ſtanding in one ſcale, and counterpoiſed by a weight 

$n the other, lays his hand to any part of the beam, 

and preſſes it upward, he will thereby deſtroy the 


balance, and make the ſcale wherein he ſtands to 


| reponderate. 


In order to account for this property, let A B PL. 2 


ęgepreſent the beam of a pair of ſcales playing on Fig. 10. 


the axis at C, and let a man ſtanding in the ſcale 
D, and counterpoiſed by a weight in the ſcale E, 
hy his hand to ſome part of the beum, either on 
the ſame fide of the axis with himſelf as at H, or on 


the other ſide as at K, and preſs the ſame upward; 


maſmuch as action and reaction are always equal, 
It is manifeſt that with whatever force the hand 
im upward againſt the point H or K, with the 

me the hand,and conſequently the man's whole bo- 


y. is prefled downward ; and therefore the ſcale D 


herein he ſtands, bears the ſame preſſure from his 
et that the point H or K does from his hand; but 
he preſſure upon the ſcale D may be looked upon 
& applied to the beam at the point A from which 


he ſcale hangs; conſequently, the ſame force which 
Fe up the point H or K, preſſes down the point 


I wherefore putting F to denote that force, 
H will expreſs the moment wherewith the arm 
AC is preſſed upward when the hand is applied at 
H, and FxKC the moment wherewith the arm 


"A 


E * lhe property here mentioned had not been taken notice 
perty 


W by any of the Mechanick Writers, when the Author com- 


| ped this Lecture; but has been publiſhed fince, both in the 
$10'ophical Tranſactions for the Year 1729 and in a courſe 
experimental Philoſophy, by Dr. Desadurtkgs, to whom 
Ir Author communicated it, as he told me and many others, 
ut thirteen or fourteen Years ago when he was in London. 
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LI er. BC is preſſed upward the hand being applied atk 


VI. 


Loy wherewith the arm AC is preſſed downward h 
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and in both caſes Fx AC will expreſs the mome; 


means of the reaction; if therefore the hand 
applied at H, it is manifeſt that as the arm ACis; 
one and the ſame time preſſed upward by a for 
which is as FxHC, and. downward by a for 
which is as the ſame FxAC, and as HC is ev 
leſs than AC, the arm AC muſt deſcend with th 
difference of thoſe forces, that is, with a force qu 
to FxAH, which 1s the diſtance of the hand fro 
the point A; if the hand be applied at K, thea 
CB 1s preſſed upward, and conſequently AC doy 
ward, with a force equal to FxKC, and upon 2 
count of the reaction AC is likewiſe preſſed doy 
ward with a force equal to FxAC, and therefo 
it muſt deſcend with a force equal to the ſum 
thoſe two forces, that is, with a force equal t 
FxAK the diſtance of the hand from the point A 
ſo that the ſcale D muſt preponderate whether tt 
hand be applied to that part of the beam whic 
lies on the ſame ſide of the axis with the man, or 
that which lies on the other fide ; and if D be p 
to denote the diſtance of that point to which ti 
hand is applied from the point A, the force when 
with the preponderating ſcale deſcends will be ul 
verſally as FxD, that is, as the force which ti 
hand exerciſes againſt the beam, multiplied in 
the diſtance of the hand from the point A. Ar 
if the force wherewith the hand preſſes the bea 
be required, it may be diſcovered by throwing! 
as much weight into the ſcale E as is ſufficient to be 
lance the force of the hand, and to prevent the © 
ſcent of the ſcale D; for putting W to denote ti 
weight, it's moment is as WxBC or AC, which! 
ing equal to FxD = moment of F, F will © 
C 
found equal to Wx——, that is, to the weig 
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þ vided by the diſtance of the hand from A. For 


Ind the diſtance of the hand from A be to half the 
ſength of the beam as one to two, the force where- 
Sith the hand preſſes the beam is equal to twenty 
pounds multiplied by two and divided by unity, 
hat is, it is equal to forty pounds ; from what has 
been ſaid it follows, that when the hand is applied to 
that part of the beam which lies on the ſame fide 
bf the axis with the man, the force of the hand 
ppon the beam is greater than the weight which ba- 
lances it in the ſcale E, and leſs than the ſame when 
the hand is applied to that part of the beam which 
lics on the other ſide of the axis wo reſpect to the 
| A 
man; for in the firſt caſe, PORTER is greater than 
W, and in the latter leſs, inaſmuch as AC is in the 
former caſe always greater, and in the latter leſs 
than D. 
The ſecond, and indeed the moſt ſimple of all the 
mechanick powers is the LEVEk ; an engine chief- 
y made uſe of to raiſe large weights to ſmall heights. 
By the writers of mechanicks it is ſuppoſed to be 
an inflexible line void of all gravity ; though ſuch as 
as are in common ule are both flexible and weighty. 
In every lever there is one immoveable point,about 
{Which as a center all the parts of the lever turn; 
and whatever ſupports that point is called the prop; 
and with regard to the difterent ſituations of the 
moving power, and the weight to be moved in re- 
ſpect to the prop, the lever is divided into three 
kinds; the firſt of which is where the prop is placed 


between the moving power and the weight to be 


faſed; which kind of lever is repreſented, where- 
in C denotes the prop, B the weight, and A the þ 


power. In this lever there will be a balance be- 
Iween the power and the weight, provided they be 
1 4 to 


| 93 
Hultiplied into half the length of the beam, and Lx Cr. 


VI. 


Snſtance, if the balancing weight be twenty pounds. 


is. 11. 
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Lier. to one another teciprocally as their diſtances from 


VI. 


the prop; that is to ſay, if the power at A be t 


Las the weight at B, as CB to CA; for upon the mo- 


Exp. 12. 


tion of the lever round it's fixed point C, the powe: 
at A will deſcribe the arch AD in the fame time 
that the weight at B deſcribes the arch BE; Gonfe. 
quently, the velocity of the power will be to the 
velocity of the weight, as the arch AD. to the arch 
BE. ; that is, becauſe the arches are ſimilar, as is evi 
dent from the manner wherein they are generated, 
as AC to CB. That therefore the product ariſing 
from the multiplication of the power into it's veloc: 
ty may be equal to the product of the weight into 
it's velocity, or in other words, that their moment; 
may be equal, the power muſt bear the fame propor: 
tion to the weight, that BC the diſtance of the 
weight from the prop bears to AC the diſtance df 
the power from the prop. For inſtance, if BC be 
to AC as one to two, and if a man's ſtrength be 
ſuch as that without the help of a machine he can 
ſupport an hundred weight, he will by the help df 
this lever be enabled to ſupport two hundred; be. 
cauſe as BC is to AC, which by ſuppoſition 1s a 
one to two, ſo muſt the power at A be to tix 
weight at B; but the power at A is ſuppoſed to be 
equal to one hundred, conſequently the weight mul 
be equal to two. 

As in this lever the prop may be placed cithet 
at the middle diſtance between the moving powe! 
and the weight, or nearer to one than the other, ! 
is evident that there may be a balance between tit 
power and the weight, either when they are cqui, 
or when the one exceeds or is exceeded by the othe! 
according to the different ſituations of the prop. 

To this kind of lever may be reduced ſever 
ſorts of inſtruments, ſuch as ſciſſars, pincers, ſaul 
fers, each of which may be conſidered as mace i 


of two levers, whoſe prop is the ſame with the p 
Wie 


turn t 
that t 
A mi 
guent 
B a8 


Or Tue LEVER, 3 
ich rivets them together. Quarry crows are LE Or. 
q a levers of this kind, Pont which it VI. 
Huſt be obſerved, that the larger and more ponde- = 
bus they are, provided they are not fo big as to 
become unmanageable, the more uſeful they muſt 
de, becauſe the weight of that part of a crow 
Which lies on the ſame fide of the prop with the 

wer, and which uſually far exeeds the other part 

length, acts in conjunction with the power, and 
thereby facilitates the raiſing of the ſtones. 
It the arms of this lever, inſtead of lying in a 
fight line, meet each other at the prop in a right PI. 3. 
angle, where A C and BC repreſent the arms of a ** 
ever united at the prop C, in ſuch a manner as to 
conſtitute a right angle AC B; if to one arm as 
CB placed horizontally, a weight be appended at B, 
and to the other as A C ſtanding perpendicularly a 

ower be applied at A acting in the direction AD: 
I: order to a balance the power muſt be to the 
weight as BC to AC, that 1s, the power and weight 
muſt be in the inverſe ratio of the lengths of the 
arms to which they are applied. For as the arms 
turn together upon the prop C, in the ſame time 
that the point B deſcribes any arch as B K, the point 
A muſt deſcribe a ſimilar arch as A H; conſe- 


guently, the velocity of A will be to the velocity of 
EB as AC to BC; but as the moment of the pow- 


er at A is ſuppoſed equal to the moment of the 
weight at B, the power muſt be to the weight, as 
the velocity of the latter to the velocity of the for- 
mer, that is, as BC to A C. 


| To confirm this by experiment, let B C be one Exp. 13. 


fourth of A C, and a weight of twelve ounces be ap- 
pended at B; to the chord ADF made faſt to the 
point A and paſſing over a pulley at D, let a weight 


pf three ounces be hung at F fo as to pull the arm 
MC in the direction A D, and there will be a ba- 
Wance, And if BC be one third or one half of A G 
then a weight at F, which in the former caſe ” _ 
ird, 


a — . — 
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Lz cr. third, and in the latter one half of P will balang Þ 


VI. 


n [ancing weights muſt be ſo too. 


. 
Fig 2. 


Exp. 14. 


diſtance of the power from the prop, exceeds BL, 


Or Tur LEVER. 


the ſame; and if AC and BC be equal, the hy 


From the experiments, and what has been (i; 
concerning them, it is evident, that the greater the 
proportion is which A C bears to B C, the greater; 
the force of the lever, or the leſs the power at {1 
requiſite to balance a given weight at B. An 
foraſmuch as the hammer when made uſe of i 
drawing nails is a lever of this kind, it is mani 
feſt, that the longer the handle is in proportion ti 
that part of the hammer which lies between the 
handle and that portion of it which gripes the nai, 
Fas leſs will the — be that is requiſite to draw the 
nail. 

The ſecond kind of lever has it's prop at one end, 
the power at the other, and the weight between, x 
where C is the prop, A the power, and B the 
weight; in this lever, in the ſame time that the 
power at A moves through the arch of a circle wf 
radius is A C, the weight at B moves through al: 
milar arch of a lefſer circle whoſe radius is BC; 
conſequently, the velocity of the power is to tht 
velocity of the weight as AC to BC; in orde: 
therefore to a balance, the power muſt be to the 
weight as BCto AC; that is, as much as AC, the 


the diſtance of the weight from the prop, fo muci 
muſt the weight exceed the power. 

As in this lever the diſtance of the weight from 
the Pop is always leſs than the diſtance of the 
power from the prop, it is evident that there cal: 
not be a balance in any caſe but where the weigit 
exceeds the power. 

To this kind of lever may be reduced the oat: 
and rudders of ſhips, cutting-knives fixed at one 
end, and doors moving upon hinges. 

If in this lever we ſuppoſe the power and tit 


weight to change their places, ſo as that the poe 
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ance Pay be applied at B between the weight at A and LE cr. 
ebe We prop at C, it will become a lever of the third V. 
Wind; wherein in order to a balance, the power at B rw 
ut Huſt ſo far exceed the weight at A, as BC, the dif- Pl. 3. 
r th KWnce of the power from the prop, is leſs than AC, Fig. 3. 
iter i He diſtance of the weight from the prop. 


at 4 It is evident, that the moving power receives no 

and vantage from this kind of lever, and therefore it 

ohn z never made uſe of but in caſes of neceſſity, and j 
mani here the weights to be raiſed cannot be managed j 
on u h a more convenient manner; as is the caſe of lad- | 
n th: gers, which being fixed at one end, are by the force * 
e na, pf a man's arms reared againſt a wall. 4 
vw the As levers are of ſervice in raiſing weights, ſo are 


they likewiſe in carrying and ſupporting the ſame; 
je end. oncerning which it is to be obſerved, that when two 
cen, 2 po ſupport a weight by help of a lever, the ſum 
B df the powers muſt equal theweight; and the weight 
at the being placed between them, their reſpective diſtan- 
whoſe * therefrom muſt be reciprocally as the powers. 
zh af Thus, if a weight reſting on the lever at B, be ſupport- Pl. 3. 
Cy two powers, one at A, and the other at C, the Fig. 3 
; to th: WWiſtance of A from B muſt be to the diſtance of C 
order rom B, as the power at C is to the power at A. 
to the For in this caſe the lever is of the ſecond kind, 
C, the here each of the powers is in it's turn to be looked 
ds BU, pon as the prop, and then the other power muſt 
o much Wie to the weight as the diſtance of the weight from 
he prop to the diſtance of the power from the 
ht from WÞrop ; that is, when A is conſidered as the prop, 
of the ¶ e power at C muſt be to the weight at B, as AB 
ere ca- AC; and when C is conſidered as the prop, the 
weight ¶ Fower at A muſt be to the ſame weight at B, as 
BroCA. Conſequently, ſince the power at A 
the oa to the weight, as B C to A C; and ſince the ſame 
at on eight is to the power at C, as A C to AB; the | 
power at A muſt be to the power at C, as BC to | | 
and the WP A, that is, the powers muſt be to one another in- 1} 
1c pov! er as their diſtances from the weight; and thus 
it 
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LE c r. it will appear to be from experiments. For if ft 
VI. the point B of the lever AC a weight as D be ( 

Wa pended, and if two other weights as E and F be {y; 

Exp. 16. pended from the extreme points A and C by cot 

Pl. 3. paſling over pulleys, ſo as that they may dra th 
ever directly upward ; they will ſupport the weigh 

D provided the ſum of thoſe two weights be eq 

to the weight D, and the weight E be to th 

weight Fas BC to BA. | 

Exp. 17. , The ſame thing will happen, if the three weight 
be made to pull the lever horizontally, which my 
be done by paſſing the cords over ſmall wheels g 
pins placed on a level with the lever. 

In ſhewing what the proportion ought to be he 
tween two powers which ſupport a weight place 
upon a lever, I have ſuppoſed the poſition of th 
tever to be paralle] to the plane of the horizon; 
what the proportion ought to be, and in what mat 
ner ſuch proportion is determined in inclined poſ: 
tions of the lever, ſhall be ſhewn, when I comet: 

treat of powers acting in oblique directions. 

If inſtead of a ſingle lever, ſeveral be combine! 
together in ſuch a manner, as that a weight being api 
pended to the firſt lever, may be ſupported by : WF 

Pl. 3. power applied to the laſt, as in the machine, which 
' conſiſts of three levers of the firſt kind, and is fo 
contrived as that a power applied at the point Lt 
Exp. 18. the lever C, may ſuſtain a weight at the point So Wl 
the lever A. The power muſt be to the weight, u 
a ratio compounded of the ſeveral ratios, which tholt 
wers that can ſuſtain the weight by the help d 
each lever when uſed ſingly and apart from the rel 
have to the weight; for inſtance, if the pow! 
which can ſuſtain the weight P by help of the lever 
A alone, be to the weight as one to five; and if tit 
power whereby the ſame weight can be ſuſtaincc 
by the help of the lever B alone, be to the N 
as one to four; again, if the power which can up: 


port the ſame weight by the help of the * 
| Olle; 


Or Tux LEVER. 
f fron 


be ſuf 
be {ul 
Y cord 
aw th 
weight 
equi 
to th 


&/i0 compounded of one to five, one to four, and 
ke to five, that is, it will be as one to an hundred. 
br ſince in the lever A, a power equal to one fifth 
the weight P preſſing down the lever at L, is 
ficient to balance the weight; and ſince it is the 
1619} Ine thing whether that power be applied to the 
h er A at L, or the lever B at 8, the point S bear- 
dels s on the point L, a power equal to one fifth of 

| * weight P being applied to the point S of the 
be E Per B, and preſſing the fame downward, will ſup- 


pag being applied to the point L of the lever B, and 
ron hing the ſame upward, will as effectually depreſs 
te point S of the ſame lever, as if the whole 
d pot. er was applied at S; conſequently, a power equal 
wet None fourth of one fifth, that is, to one twentieth 
f rt of the weight P, being applied to the point L 
bine: che lever B, and puſhing up the ſame, will ſupport 


e weight; but it matters not whether that force 
applied to the point L of the lever B, or to the 
Pint S of the lever C, ſince if S be raiſed, I. 
Wich reſts thereon muſt be ſo too; but one fifth 


, 4 the power applied at the point L of the lever C, 
iat $ of preſling it downward will as effectually raiſe the 
ht. in int S of the ſame lever, as if the whole power 
> choſe BP applied at S and puſhed up the ſame; conſe- 
help of ently, a power equal to one fifth of one twentieth, 


Wat is, to one hundredth part of the weight P, be- 
applied to the point L of the lever C, will ba- 
ce the weight at the point S of the lever A; that 
$ 4 power which is to the weight, in a ratio com- 
Junded of the three ratios, which the powers have 
the weight in each lever taken ſeparately, will be 
Nlance to the weight, when the three levers are 
6 jointly, And by the ſame way of reaſoning - 
Wi 


3 


| ne, be to the weight as one to five; the power LE Cr. 
Mich ſupports the weight by means of thoſe three VI. 
rers joined together will be to the weight in aa 


rt the weight; but one fourth of the ſame pow- 
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LECT. 
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Os Tux PULLEY, 


will be found, that in all machines of this kind 
the power requiſite to ſuſtain the weight, is to th. 
weight, in a ratio made up of the ſeveral ratios of th 
power to the weight in each lever taken ſeparat:y 
whatever be the number of levers. | 

In all that has been hitherto ſaid concerning th 
lever, the power and the weight are ſuppoſed to at 
in direct oppoſition to each other; and on this ſup 
polition, the power muſt be to the weight in each 
the three kinds of levers, in the reciprocal ratis 
their diſtances from the prop, as has been ful 
proved with regard to each kind ; but where th: 
directions of the power and weight are inclined t 
each other, the proportion will vary from what ha 
been here determined, as ſhall be ſhewn, when! 
come to treat of powers acting in oblique ( 
rections. 


LECTURE VII. 


OF THE PULLEY. 


N this lecture I ſhall give you an account o! ti 
Pulley, the Axle in the Wheel, the Weage, ali 


the Screw. The PULLEY is a ſmall wheel thi 


Exp. 1. 
H. 3. 
Fig. 6. 


turns about it's axis, and which has a drawing top 
paſſing over it. It is made uſe of in raiſing lar 
weights to conſiderable heights; and 1s of i 
kinds, fixed and moveable; the ſole uſe of 
fixed pulley is to change the direction of the movils 
power; which in all cafes where weights are to! 
raiſed to great heights,is exceedingly convenient 
very often of abſolute neceſſity; for inſtancs, * 
the weight P is to be raiſed by the force of a ma 
hand to any height as A above the reach of! 
hand, the man muſt quit his place and aſcend! 
order to carry up the weight, which for the e 
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Ire is found to be inconvenient, and ſometimes im- LR c T. 
Facticable; whereas if to a rope as PAF paſſing VII. 


er the fixed pulley at A, the weight be made 


rate Kft at one end as P, and the hand applied to the 

Fuer end at F, the man by drawing the rope A F 
ng te Yownward, will without moving from his place raiſe 
1 to af he weight as effectually, as if his hand was applied 
his ſu ¶ p it and moved upward from P to A; fo that in 
each Piſing weights to great heights: the fixed pulley is 


rat (GE ſingular ſervice, in as much as by changing the 
n ful; Prection of the power, it takes off the neceſſity 
ere te at a man would otherwiſe lie under of aſcending 


lined u hong with the weight, and by ſo doing leſſens his 


vhat ha Fbour; beſides, it has this farcher convenience at- 


when Ending it, that by means thereof the joint ſtrength 
ique & ſeveral perſons may be made uſe of to raiſe one 
nd the ſame weight, which in many caſes cannot 
e done, ar leaſt not ſo conveniently, where the 
Fcight is raiſed by the immediate application of 
the hands; but this pulley does not in the leaſt aſ- 
It the power, by increaſing it's moment; becauſe 
W neither leſſens the velocity wherewith the weight 
Ales, nor arguments that of the power; for what- 
er be the ſpace through which the power moves 
nt of ty drawing he rope A F, the weight muſt in the 
doe, ame time be drawn up through an equal ſpace ; the 


heel tu pe AP conſtantly ſhortning in the ſame proportion 
ving ropWat the rope A I is lengthened ; and therefore, 
ſing lag erever any power ſupports a weight by means of 


s of u kxed pulley, that power muſt be equal to the 


ſe of eight. 

c mov When a pulley riſes and falls along with the 
are to Might, as does this pulley, it is ſaid to be movea- 
enientaß and with regard to it's uſe, it is juſt the re- 
Iſtance, ric of the fixed pulley ; for it adds to the mo- 


nt of the power, but cauſes no change in it's di- 
lon ; for if the hand be applied atF to the 

pe P, in order to raiſe the weight P appended to 
moveable pulley E, it muſt move directly up- 
ward 
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yy reftion of the hand which raiſes the weight i; g 
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ward in the very ſame manner, as if it was appli 
immediately to the weight; conſequently, the d 


way altered by this pulley, but the moment there 
is doubled, becauſe it is made to riſe twice as H the 
as the weight; for in the ſame time that the har, 
moves upward from F to G, through the ſpace . 
equal in length to the two equal ropes D and (' 
the pulley, and conſequently the weight annex iſ 
will be drawn up through the ſpace E H, what 
length is equal to one of the ropes only. 

In machines conſiſting of ſeveral pulleys, wheres 
ſome are fixed and ſome moveable, and which har 
one common rope that goes round them all; | 
one end of the rope be fixed, as 1s the caſe in th 
machines repreſented by theſe figures, in order to 
balance, the moving power muſt be to the weight, 
one to twice the number of moveable pulleys ; be 
cauſe the velocity wherewith the power move i 
raiſing weights by the help of ſuch engines, b 
the velocity of the riſing weight, as twice the num 
ber of moveable pulleys to unity; as I ſhi 
now ſhew you in the machine, which conſilh 
of one fixed pulley as A, and another mort 
able as E. Since it is one and the ſame rope that! 
continued from G to F, the part AF which lies b 
yond the fixed pulley, cannot be drawn down 
thereby lengthened, unleſs the two parts D and 
which lie on each ſide of the moveable pulley, be: 
the ſame time drawn up and ſhortened, and ti 
equally ; whence it is evident, that the part 4 
will be lengthened as faſt again as either D or C 
ſhortened, inaſmuch as what each of thoſe pal 
loſe of their length is added to the length of A 
but the point F to which the power is applied, © 
ſcends as faſt as AF is lengthened, and the pol 
E, to which the weight is faſtened, aſcends as fal. 
D or C is ſhortened ; conſequently, the velocity 
the power is to the velocity of the weight, as 4 
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Pplis! 
the d 
18 m 
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as {1 
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Wulleys to unity; if therefore a weight appended at 


her in the reciprocal ratio of their velocities. 


— only in this, that in one the pulleys of the ſame kind py. z. 
nc Hove upon one and the ſameaxis,and in the other up- 
wn different axes ; I ſay, in theſe machines, the veloci- 
&y wherewith the power moves is to the velocity 
here here with the weight riſes, as four to one, that 


ch ha, as twice the number of moveable pulleys to one; 


all ; Mer as the part of the rope A F is drawn down and 


in e engthened, the four parts B, C, D, H, which lie 
der tu n each ſide of the two moveable pulleys, are drawn 
eight, OP and ſhortened, and that equally ; and what each 


eys ; be 
noves lt 
es, B U 


df A F ; conſequently, A F is lengthened four times 


bf them loſes of it's length is added to the length 
J faſt as each of the other parts ſhortens ; but the 


-he nun power moves as faſt as A F lengthens, and the 
I eight riſes as faſt as the other four ſhorten; and 
 conſiWcretore, the velocity of the power at F is to the 
r more Felocity of the weight at E, as four to one, or as 
pe that ll Ice the number of moveable pulleys to unity: 
h lies be Pr which reaſon, if a weight be appended at F 
loun u hich is to the weight at E, as one to four, that is, 
1) and ON the reciprocal ratio of their velocities, there will 


ea balance. 
What has been thus proved with regard to the 
ree laſt machines, namely, that the velocity 


ey, bet 
and thi 


. rt ; 

15 15 herewith a power moves 1n raiſing a weight 1s to 

hoſe p! de velocity wherewith the weight riſes, as twice the 

\ of Al umber of moveable pulleys to unity, 1s in the 
lied, Mme manner demonſtrable with regard to any other 
che pol achine of the ſame kind, whatever be the number 


[pulleys whereof it conſiſts; and therefore, in all 
achines conſiſting of ſeveral pulleys whereof 
H ſome 


s as fall 
velocity“ 
it, as KN 


©. one, that is, as twice the number of moveable LE Or. 


F, be to a weight appended at E, as one to two. 
Shey will balance each other, as being to one ano- Exp. 2. 


In the machines, each of which conſiſts of two fix- Pl. 3. 
d and as many moveable pulleys, and which differ Fig. 9,10. 
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Lor. ſome are fixed and others moveable, and roy 
VII. which goes one common rope, fixed at one end 
it may be laid down as a general rule, that in ory 


Exp. 4. 


Pl. 3. 
Fig. 11. 


Pl. 3. 
Fig. 11. 


Exp. 5. 


Pl. 3. 
Fig. 12, 


to a balance between the moving ang and th 
weight, the former muſt be to the latter, as one t 
twice the number of moveable pulleys. 

If the rope which goes round the pulleys, inſtey 
of being fixed at one end, be faſtened to th 
weight or to the block which ſupports the move 
able pulleys, ſo as to riſe therewith, as in this mz 
chine, which conſiſts in five pulleys, whereof thre 
are fixed and two moveable, and in which the end 
of the rope is joined at G to the block which {up 
ports the two moveable pulleys ; the velocity oft 
power 1s to the velocity of the weight, as the ſun 
of twice the number of moveable pulleys increaſe 
by unity to one; for in this caſe, the parts of th 
rope which are equally ſhortened in order t 
lengthen the part AF, are more in number by one 
than the ſum of the moveable pulleys when doubled; 
conſequently, ſince the power at F moves as faſt 
A FC is lengthened, whilſt the weight at E riſcs in 
8 only to the ſhortening of the rope 

„C, D, H, R, the velocity of the power bear 
the ſame proportion to the velocity of the weight, 
as the ſum of twice the number of moveable pulicy: 
increaſed by unity does to one; and therefore, |! 
the power be to the weight in the inverſe ratio, that 
is, as one to twice the number of moveable pullzy 
added to unity, there will be a balance. Thus, it n 
the machine a weight appended at F be to anothe 
at E, as one to five, they will balance, and reman 
unmoved, 

If to any of the forementioned machines be at: 
ded a runner, that is, a ſingle moveable pulley, 
which has it's own rope diſtinct from that which! 


common to the other pulleys, one end whereof 5 
fixed as at L, the other being faſtened to the 
block at E, and the weight appended at M. ti: 
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point E moves with VII. 


ver be the proportion Which the velocity of the 
Dower at F bears to the velocity of the weight when 
appended at E, it will be doubled if the weight be 
ppended at M; conſequently, the power will by 
the help of the runner be able to ſuſtain twice the 
eight that 1t did before. 
If a machine be combined of one fixed and ſe- Pl. 3. 
eral moveable pulleys, put together in ſuch a man- Fig. 13: 


per as that each of the moyeable pulleys has a ſe- Exp. . 


parate rope, one end whereof being fixcd, the other 
Either paſſes over the fixed pulley, as does that of 
The firſt moveable pulley E, or is joined to the 


moveable pulley which hes next above it, as in the 


caſe of the ropes B, C, D, which belongs to G, H, and 
f the ſecond, third and fourth moveable pulleys; 
B being joined at N to the nrit moveable pulley, 
Cat K to the ſecond, and D at L to the third; the 


eight being appended to the laſt moveable pulley 


at H. The velocity wherewith the weight riſes in 
Juch a machine is to the velocity of the power, as one 
do the laſt term of a duple progreſſion, whereof the 
firſt term is unity, and the number of terms more 
by one, than the number of moveable pulleys, 

For as I proved, when ſpeaking of the ſingle 
Moveable pulley, the velocity of the power at F 


to the velocity wherewith the pulley E riſes, as 


wo to one; and fo likewiſe is the velocity of E, 
do that of G, and that of G, to that of I, and ſo 
dn, whatever be the number of moveable pulleys, 
ſie velocity of each ſucceeding pulley is but one 
daf of the velocity of the preceding; wherefore, 
ſl the velocity of the laſt pulley, which is the ſame 
th the velocity of the weight, be put equal to 
Putty, the velocity of that which immediately pre- 
Kedes it, to wit H, will be as two, and the veloci- 
4 H 2 ty 
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Worce of the former machines will be doubled by this Lz c T. 
Naditional pulley ; for ſince the 
twice the velocity of the point M, as I ſhewed . 
hen ſpeaking of the ſingle moveable pulley, what- 5 
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Lo r. ty of G, as four, and of E, as eight, and fo, f 
VII. if there be more moveable pulleys, the velochf 
Vill be continually doubled, and ſince the velocityq 
the laſt pulley is expreſſed by unity, that of th 

firſt will be expreſſed by the laſt term of a dip 

— 7 whoſe firſt term is unity, and the nun 


r of terms equal to the number of moveable pu 


leys; and conſequently, ſince the velocity of th 
wer is double that of the firſt moveable pulls 
if the duple progreſſion be continued to one tem 
more, that term will expreſs the velocity of th 
power, the velocity of the weight being as unit, 
thus, in this machine, the number of moveab. 
lleys being four, the velocity of the weight x 
M is to that of the power at F, as one to ſixteen; 
if therefore a weight appended at F be to the weigh 
at M, as one to ſixteen, there will be a balance, 
Though this engine be of greater force than an 
other wherein there is the ſame number of mor: 
able pulleys, yet inaſmuch as it does for that ven 
reaſon raiſe weights more ſlowly : men for tix 
ſake of diſpatch chooſe rather to make uſe of ſuc 
combinations of pulleys as are repreſented in tle 
gth and roth figures, and where they have occa{i 
to raiſe very large weights, they double the tort 
of thoſe machines by the addition of a runner. 
The fourth mechanick power is called thx 
AXLE IN THE WHEEL; Which is a ſimple engin 
conſiſting of one wheel fixed to the end of an att 
that turns along with the wheel; the manner d 
raiſing weights by the help of this machine is thus; 
the power being applied to ſome part of the whee!! 
_ circumference, turns the wheel, and together wit 
it the axle, by which means a rope that is tied t 
the weight at one end, and made faſt to the ax 
at the other, is wound about the axle, and theret) 
the weight drawn up; and for as much as the wer 
and it's axle revolve together, in whatever time tit 
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wer is to the velocity of the weight, as the circum- 
rence of the wheel to the circumference of the axle; 
at is, from the nature of the circle, as the diame- 
r of one to the diameter of the other ; if there- 
re the power be to the weight in the inverſe ratio 
thoſe diameters; that is to ſay, if the power be 
d the weight, as the diameter of the le to the 
jameter of the wheel, there will be a balance; the 
ower in that caſe being juſt ſufficient to ſupport the 
peight, For inſtance, if the diameter of the wheel Exp. 7 
five inches, and that of the axle one, a weight 
Fone ounce hanging from any point in the circum- 
rence of the wheel, will ſupport a weight of five 


gunces hanging at the axle; and if the diameter of 


the axle be but half an inch, then will ten ounces 
gt the axle be ſupported by one at the wheel. 

Where the parts of the axle differ in thickneſs, 
; weights be hung at the ſeveral parts, they may 
de ſuſtained by one and the ſame power applied to 
he circumference of the wheel, provided the 
product ariſing from the multiplication of the 


power into the diameter of the wheel be equal 


v the ſum of the products arifing from the multi- 


plication of the ſeveral weights into the diameters 


Wi thoſe parts of the axle from which they are 


Juip:nded, Thus a weight of five ounces hanging 
om the parts of an axle whoſe diameter is one Exp. 8. 
Inch, and another of ten ounces from a part whoſe 
hiameter is half an inch, will be balanced by a 


eight of two ounces hanging from the circumfe- 
gence of the wheel whoſe diameter is five inches; 
por the ſum of the products of five into one, and 
pf ten into one half, which expreſs the moments 
pf the weights, is equal to ten, as is alſo the pro- 
ÞuCt of two into five, which expreſſes the moment 
ef the power. 
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ence of the wheel, the weight muſt in the ſame LR Or. 
ebe raiſed up through a ſpace equal to the circum- VII. 
Srence of the axle, conſequently, the velocity of te 
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Lrer. If tothe axle in the wheel be added one or my 
VII. wheels with teeth, ſo that motion may be comm 
I nicated from the firſt wheel to the laſt; the weig 
: being hung from the axle of the laſt wheel, whi 
the moving power is applied to the circumferen 

of the firſt wheel; in order to a balance, the po 

er muſt be to the weight in a ratio compounded i 

the inverſe ratio of the diameter of the firſt whe 

to the diameter of the laft axle, and of the :inver 

ratio of the number of revolutions made by the fir 

wheel, to the number of revolutions made by t 

laſt axle ina given time; for if the firſt wheel a 

the laſt axle revolved in the ſame time, the ratio 

the diameter of the wheel to that of the axle, wo 

expreſs the ratio of the velocity of the power, i 

the velocity of the weight; but if the wheel n 

volves oftener than the laſt axle in a given time, 

is evident, that the ratio of the velocity of th 

power to that of the weight, will be greater in thi 
proportion; conſequently, the velocity of the pow: 

muſt be to the velocity of the weight in a 70 
compounded of the ratio of the diameter of th 

firſt wheel to the diameter of the laſt axle, and of th 
revolutions of the firſt to thoſe of the laſt axle in 

given time; and therefore, that there may be a b 

lance between the power and the weight, the fo 

mer mult be to the latter inverſly in the fame com 

Exp. 9. pounded ratio. For inſtance, in a machine co 
ſiſting of two wheels with their axles, wherein th 
diameter of the firſt wheel is four inches, and th: 

of the ſecond axle a quarter of an inch, and where 

in the cogs or teeth of the firſt axle by applyin 
themſelves ſucceſſively to the teeth of the ſecon 

wheel, turn it about, and therewith it's axle; bu 

the teeth of the firſt axle being in number bu 

one fourth of the teeth of the ſecond wheel, t! 

axle, and conſequently the firſt wheel, mult 

volve four times in order to turn the ſecond whe 


and it's axle once; ſo that the revolutions of : 
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ra wheel in a given time are to the revolutions of Le Cr. 14 
De ſecond axle, as four to one: in this machine, in VII. Ti 
Srder to a balance, the power muſt be to the weight 
Pverſly in a ratio compounded of ſixteen to one, 
ind of four to one; that is, it muſt be to the weight 4 
Snverſly as fixty-four to one; ſo that a weight of | | 
dne ounce at the circumference of the firſt wheel, 
will ſupport a weight of ſixty- four ounces faſtened ll 
to the ſecond axle. 1 
Again, in a machine compoſed of three axles, Exp. 10. 
the two laſt having wheels with teeth, and the firſt 
z perpetual ſcrew which in each revolution of the 
firit axle moves one tooth only of the wheel of the 
ſecond axle; which wheel having twenty eight 
teeth, moves round once in the ſame time that the 
firlt axle turns twenty-eight times; and there being 
a ſmall wheel with fourteen teeth at the other end 
of the ſecond axle, and theſe teeth applying them- 
ſclves continually to the teeth of a wheel fixed on 
the third axle, which are twenty-eight in number ; 
the wheel of the third axle muſt revolve but once 
in the ſame time that the wheel of the ſecond ax!e 
revolves twice, and of conſequence the third wheel 
and 1t's axle move round but once whilſt the firſt 
axle performs fifty-ſ1x revolutions 3 and the diame- 
ter of the firſt axle is to that of the laſt as two to 
bne ; in order therefore to a balance between the 
power which 1s applied to the firſt axle, and the of 
weight which is applied to the laſt; the power mult 
be to the weight inverſly in a ratio compounded of 
two to one, and of fifty-{ix to one; that is, the 
power muſt be to the weight as one to an hundred 
and twelve; ſo that one ounce hanging from the 
lt axle will ſupport an hundred and twelve ounces 
hanging from the laſt ale. - - 
In order to exhibit the force of the wen, Pl. 3. f 
hich is the fifth mechanick power, let AD repre- Fig: 14. | j 
ſent the baſe of a wedge, from whoſe middle point | ö 


let the line BE be drawn perpendicular to the 
E - H 4 {ide 
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VII. and conſequently, biſſecting the angle ACD ma 
by the concourle of the wedge's ſides. 

In cleaving timber with a wedge, the force of th; 

mallet which ſtrikes the wedge, is to be looked u 

on as the moving power, and the coheſion of thy 

arts of the timber, as the reſiſtance or weight y 

moved; now, whilſt the wedge is driven by tl; 

repeated ſtrokes of the mallet from B to C, (for! 

ſuppoſe the edge of the wedge to be placed on th 

top of a piece of timber at B in order to rend it 

the ſpace deſcribed by the wood as it yields on each 

ſide of the wedge in lines perpendicular to thok 

ſides, is equal to BE. Conſequently, that the ms 

ment of the mallet may be equal to the reſiſtanced 

the wood, the abſolute force of the mallet muſt h 

to the force wherewith the parts of the wood coher, 

as BN to BC, that is, as the ſine of the angle BC) 

to ratlius; whence it follows, that all ſimilar wedgs 

are of equal force, for in ſuch the angle BCD i 

given; it likewiſe follows, that the powers of dit 

{ſimilar wedges are inverſly as the fines of the ange 

BCD, or in other words, that the forces requilit 

to rend timber with ſuch wedges, as directly as th 

fines BE, which is confirmed by the following & 

periment. | 

Let a machine be ſo contrived, as to conſiſt 0 

two equal cylinders, rolling upon their axles in u 

horizontal poſition along the edges of two rule 

and let them be drawn and kept together by a weigit 

of 2000 grains, hanging freely by a rope, faltene 

at each end to the cylinders, and let the edge d 

a wedge be placed between the cylinders ; {0 & 

that when a ſufficient weight is hung to it, it may 

be drawn down between the cylinders z in this mt 

chine the force wherewith the cylinders are draw 

together, added to the attrition of their axles Il 

rolling upon the rulers, may be looked upon & 


the reliſtance of the timber, and the weight "my 
welgy 
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edge, together with the appending weight where- LE Or. 
y it is pulled down between the cylinders, as the VII. 

rce of the mallet upon the wedge; now, if three köæ⸗ꝛ 
edges be made uſe of, each three inches long, in 
Shich the ſines BE are as one, two, and three, their 
veights likewiſe being in the ſame proportion, the 
rſt will be drawn down by a weight of 300 grains, 
the ſecond by one of 600 grains, and the third by 


Or Tur SCRE W. 


dne of 900 grains. 
To the wedge may be reduced the axe or hatchet, 


(he teeth of ſaws, the chizel, the augur, the ſpade 
and ſhovel, knives and ſwords of all kinds, as alſo 
the bodkin and needle, and in a word, all forts of 
Inſtruments, which beginning from edges or points 
prow gradually thicker as they lengthen ; and the 


manner wherein the power is er to ſuch inſtru- 
ments, is different according to t 


eir different ſhapes 
and figures, and the various uſes for which they 
were contrived, 


The next and laſt mechanick power is the 


sek, which conſiſts of two parts, whereof the 
firſt is called the male or outſide ſcrew, being a cy- 


Winder cut in, in ſuch ſort as to have a prominent part 


going round it in a ſpiral manner, which promi- 
nent part is commonly called the thread of the 
ſcrew; the other part, which is called the female or 
inſide ſcrew, and by common workmen the nut, is 
ja ſolid body that contains an hollow cylinder, whoſe 


concave ſurface is cut in the ſame manner as the 


convex ſurface of the male ſcrew, ſo that the pro- 
minent parts of the one may fit the cavities of the 


other. The chief deſign of this machine is to 
preſs the parts of bodies cloſely together, and in 


ſome caſes to break and divide them; when it 
s made uſe of one part is commonly fixed, whilſt 
che other is turned round, and in each revolution 
che moveable part is carried in the direction of the 
As of the cylinder through a ſpace equal in length to 
the interval between two contiguous threads, where- 


by 
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Lx or. by the parts of the body whereon the preſſure ; | 


VII. 


A a ſpace equal to that interval; which interval ther. 


be ever ſo little increaſed beyond that proportion it 


made are forced to move towards one another through 


fore does exprefs the velocity where with the ſever; 
parts of the body give way to the preſſure, whit 
the circular periphery, which is deſcribed by th: 
power whereby the moveable part of the ſcrew 
turned round, expreſſes the velocity of the power, 
for the moveable part of the ſcrew is uſual 
turned by means of an handle or handipik: 
to ſome part of which the power is applied, andy 
moving round with that part deſcribes the circun- 
ference of a circle; if therefore the moving poyr 
be to the reſiſtance of the body which is preſſed, a 
the diſtance between two contiguous threads of the 
ſcrew to the circular periphery deſcribed by the 
power, there will be a balance; and if the power 


muſt overcome the reſiſtance, and move the ſcrew; 
and thus it would conſtantly be, provided there wi 
no reſiſtance from the attrition of the parts of th 
ſcrew one againſt another; but as that is very con- 
ſiderable, there is an addition of power requiſite to 
overcome it, over and above what is neceſſary to 
overcome the reſiſtance of the body whereon the 
preſſure is made: for which reaſon ſuch exper: 
ments as are made to ſhew the force of the {crey, 
muſt vary more from the theory, than thoſe which 
have been made concerning the other mechanick 
powers, wherein the attrition is far leſs conſice 
rable ; however it will appear from the following 
experiment, that ſmall powers are ſufficient by tix 
help of the ſcrew to overcome great reſiſtances Ul 
the bodies which are preſſed. 

Let a wheel whoſe diameter is four inches, be 
fixed at it's center to the head of a male ſcrew in 
horizontal poſition, and let the end of a 19% 
which is wound about the groove of the whet) 


paſs over a pulley in ſuch a manner as that having 
| 3 a weight 
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ne veight faſtened to it, it may be drawn in a line, LE Or. 
ouh lat is a tangent to the wheel, by which means the VII. 
ber. Mptire gravity of the weight will be employed in 
verl | yrning the wheel; to one end of a lever, ſupported 

whilt | Wy a prop at the middle, let a weight of ſeven pounds 

y the | e hung, and let the bottom of the male ſcrew 

ew i | Feſt on the other end of the lever; and let the diſ- 

butt; | Hance between the threads of the ſcrew, be equal to 


ſually Þ hne fifth of an inch, and a weight of three ounces 

ſpike nd 250 grains being hung to the end of the rope 
dh vhich paſſes over the pulley, will juſt turn the wheel, 
cum I and thereby thruſt down the ſcrew and with it the i 
pow! & end of the lever whereon it reſts, and by ſo doing | 
ed, & 2 up the weight at the other end. 

of ue In this caſe the power which moves the ſcrew, is 
by the o the weight raiſed whereby the reſiſtance that is 

pow? made to the preſſure is meaſured, as one to 24 nearly; 
tion it whereas it ought not to exceed the proportion of one 

(cre; I to 62; for the diameter of the wheel being four inches 
re v the circumference is twelve and an half nearly, but 

of tit I 2. 5; is to æ, which is the interval between the threads 


ry co of the ſcrew, as 624 to one; conſequently, if the 
ite power which turns the ſcrew be to the weight that 
ſſary os to be raiſed in the inverſe ratio of thoſe numbers, 
eon tht YWthat is, as one to 62%, it ought to balance the 


expel 


p {c rew, 


Feight, and if it be increaſed ever ſo little it ſhould 
", Roverpower and raiſe the weight: ſince therefore the 
e which force that is requiſite to turn the wheel is nearly 
chanick Wſhree times as great as what is neceſſary to overcome 
conſice- ¶ Nhe reſiſtance of the weight to be raiſed, it is evi- 
Llowing ent, that almoſt two thirds of that force is im- 
t by tit N ployed in overcoming the reſiſtance ariſing from 
nces n he attrition of the parts of the ſcrew one againſt 

mother; what the nature of this reſiſtance is, and 
ches, de in what proportion it varies, ſhall be ſhewn here- 
rew 10 Wi 


alter, 
a rope | 
Wheel, 
r having 
. weight 
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XK a ſpace equal to that interval; which interval ther. 
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madeare forced to move towards one another through 


fore does exprefs the velocity wherewith the ſever; 
parts of the body give way to the preſſure, whil 
the circular periphery, which is deſcribed by ii 
power whereby the moveable part of the ſcrew i 
turned round, expreſſes the velocity of the power; 
for the moveable part of the ſcrew is uſually 
turned by means of an handle or handipik: 
to ſome part of which the power is applied, and) 
moving round with that part deſcribes the circum I And 
ference of a circle; if therefore the moving power 4 nd 
be to the reſiſtance of the body which is preſſed, a 10 
the diſtance between two contiguous threads oft 
ſcrew to the circular periphery deſcribed by tl: Yo t 
power, there will be a balance; and if the pow mad 


| be ever fo little increaſed beyond that proportion it II het 


mult overcome the reſiſtance, and move the ſcrew; ho 6: 
and thus it would conſtantly be, provided there ws Ythe c 
no reſiſtance from the attrition of the parts of the g: 5 
ſcrew one againſt another; but as that is very con 4 
ſiderable, there is an addition of power requiſite v owe 
overcome it, over and above what is neceſſary tv Bhs to | 
overcome the reſiſtance of the body whereon the Bhat | 
preſſure is made: for which reaſon ſuch exper: Nei 
ments as are made to ſhew the force of the {crey, 
muſt vary more from the theory, than thoſe which 
have been made concerning the other mechanic 
powers, wherein the attrition is far leſs conſice. 
rable; however it will appear from the following 
experiment, that ſmall powers are ſufficient by the 
help of the ſcrew to overcome great reſiſtances 1t 
the bodies which are preſſed. 

Let a wheel whoſe diameter is four inches, b 
fixed at it's center to the head of a male ſcrew in: 
horizontal poſition, and let the end of a 10% 
which is wound about the groove of the wheel 


paſs over a pulley in ſuch a manner as that having 
| 3 : a weight 
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men weight faſtened to it, it may be drawn in a line, LE Or. 


ouph 1 at is a tangent to the wheel, by which means the VII. 
here | tire gravity of the weight will be employed i 
vera ming the wheel; to one end of a lever, ſupported 


vhs y a prop at the middle, let a weight of ſeven pounds 


y the | e hung, and let the bottom of the male ſcrew 
ew t | Feſt on the other end of the lever; and let the diſ- 
wer; Þ © Hance between the threads of the ſcrew, be equal to 
ſually I Sne fifth of an inch, and a weight of three ounces 


ſpike, I Ind 250 grains being hung to the end of the rope 

nd by Y vhich paſſes over the pulley, will juſt turn the wheel, 

rcun> I Ind thereby thruſt down the ſcrew and with it the f 
pow! end of the lever whereon it reſts, and by ſo doing | 
ed, & Ne up the weight at the other end. 

of the I In this caſe the power which moves the ſcrew, is 

by the zo the weight raiſed whereby the reſiſtance that is 

pow made to the preflure is meaſured, as one to 24 nearly; 

tion it vhereas it ought not to exceed the proportion of one 

(cre; o 63; for the diameter of the wheel being four inches 

re v the circumference is twelve and an half nearly, but 


of tit I 2.5 is to æ, which is the interval between the threads 
ry com * the ſcrew, as 624 to one ; conſequently, if the 
11(1te v power which turns the ſcrew be to the weight that 
(ary w WI 4 to be raiſed in the inverſe ratio of thoſe numbers, 


eon the I hat is, as one to 62%, it ought to balance the 


exper: I eight, and if it be increaſed ever ſo little it ſhould 
: (cre, ¶ bverpower and raiſe the weight: ſince therefore the 
e which N orce that is requiſite to turn the wheel is nearly 
chanick ¶ Ire times as great as what is neceſſary to overcome 
conſide: ¶ Nhe reſiſtance of the weight to be raiſed, it is evi- 
lowing ent, that almoſt two thirds of that force is im- 


t by the 


ployed in overcoming the reſiſtance ariſing from 
mees Il 


ſhe attrition of the parts of the ſcrew one againſt 
mother; what the nature of this reſiſtance is, and 


n what proportion it varies, ſhall be ſhewn here- wo 


ches, be 
rew in 
a rope 
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LECTURE VIII. 


Or ComPounD ENGINES, 


Lz er. HE mechanick powers, which for the moſ bf © 
VIII. part are made ule of ſeparately, may in m. s tc 


17 caſes be combined together, and engines therely Wk tl 
formed of ſuch efficacy, as that by the help there II 
exceeding great weights may be raifed by very ſmall Wand 
powers. In all ſuch compounded machines the Winch 
proportion which the moving power bears to th: Win is 
weight when they balance each other, is com. Welf i 

pounded of the ſeveral ratios which thoſe power pf th 
have to the weight which balance it in each ſimpe ¶ the c 
machine, whereof the compound engine conſis. ¶ æqua 
Thus when a machine is compoſed of an axle in th: I the p 
wheel and a pulley, by faſtening the drawing rop: Withe v 
of the one to the axle of the other; the pont: ¶ form. 
which balances the weight in ſuch a machine, mult tion 
be to the weight, in a ratio compounded of the ra Miwhicl 
which that power has to the weight which balances Name 
it by means of the axle in the wheel alone, and of th: here 
ratio which that power has to, the weight, which ¶ be to 
balances the weight by means of the pulley alone, 
Exp. 1. For inſtance, if the nature of the pulley be {uch, 
as that a power equal to one tenth part of tit 
weight balances it; and if the axle in the wheel E 
ſuch, as that a power equal to one fifth part of tie Wand a: 
weight can ſupport it; the power which balances ¶ teeth 
the weight in the compounded machine, will be 0 muſt | 
the weight in a ratio compounded of one to ten, vl hich 
of one to five, that is, it will be to the weight * Mount 
one to fifty; for, ſince the weight is in fy, w. 
faſtened to the axle of the wheel by means of he fc 
rope which goes round the pulleys, it is evident tia W120, 


the axle will be drawn by a force equal to 10 being 
whi 
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nich when applied to the drawing rope of the Le c T. 
pulley is requiſite to ſuſtain the weight by means of VIII. 
She pulley, which force is by ſuppoſition equal to 
ne tenth part of the weight; but that force at the 

Ile is balanced by a fifth part thereof applied to { 
She wheel; conſequently, the power requiſite to ba- 
Jance the weight in this machine, is equal to one fifth 


mot ¶ pf one tenth part of the weight, that is, the power | 

n ma: to the weight, as one to fifty, So that one ounce 

erty zt the wheel will ſupport fifty ounces at the pulley. 

hereof WS If a machine be compoſed of the lever, the axle, 

mal Wand the perpetual ſcrew ; the lever being thirteen _ 1. 


es the inches long, and fixed at it's center to an axle, where- 
to the ¶ pa is a perpetual ſerew, the tooth whereof adapts it 
com. ſelf to the teeth of the wheel of an axle, the teeth 
power of that wheel being twenty-four in number, and 
ſimple the diameter of the axle belonging to that wheel 
onſiſt. Wequal to {ix tenths of an inch; in ſuch a machine 


in the ¶ he power being applied to one end of the lever, and | 
ig top: the weight to the axle of the toothed wheel, the 
power former will balance the latter, if it be in propor- 
e, mult tion thereto, as one to 520; for if the lever to 
he ram Wivhich the power is applied, moved round in the 
nalances I ame time with the axle of the toothed wheel 


d of tht ¶hereunto the weight is faſtened, the power would 
which be to the weight, as the diameter of the axle to the 
y alone. NMength of the lever, that is, as ſix tenths of an inch 
de ſucl, to thirteen inches, or in whole numbers, as ſix to 
t of th: ¶ an hundred and thirty; but as there are 24 teeth 
vheel be in the wheel of that axle which ſuſtains the weight, 


rt of tie Hand as the endleſs ſcrew moves but one of thoſe 
balances teeth in each revolution of the lever, the lever 
vill be ug nuſt go round 24 times in order to turn the axle, 
ten, and Which ſuſtains the weight, once; upon which ac- 
eight 3 Weount the power muſt be to the weight, as one to 0 
in effen WW, which ratio of one to 24 being combined with ' 
ns of he former of ſix to 130, gives a ratio of ſix to f 
dent tua W120, or of one to 520 ; ſo that an ounce weight | 
to th deing made to act with all it's gravity at one end of 1 
Which 3 the f 
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L x r. the lever in order to turn it round, which may | f 
VIII. 
Wy ww weight of 520 ounces at the axle of the tootiy (RY 


Exp. 3. 


Or OBLIQUE POWERS. 


done by fixing a wheel to the lever, will balance, ! 


wheel. 

If to the laſt machine one moveable pulley þ 
added, it will conſtitute a machine of double tt BH 
force; for the ratio of {the power to the weight h RAD 
the foregoing machine, being as one to 320, and 
a ſingle moveable pulley, as one to two; the ry 
compounded of both, will be as one to 1040; r c 
that in this machine an ounce will balance 4% 
— 8 ounces; and if the ſtrength of a man! . 

= 


nd be ſuch, as that it can, without the afliſtanced 
an engine, ſupport an hundred pounds, it will h 
the help of this machine ſuſtain 104000 pounds. Whknce 
In al that has been hitherto ſaid concerning tle hic! 
mechanick powers, the moving force and ti: Wis b 
weight or reſiſtance have been ſuppoſed to at n Whowe 
direct oppoſition to one another. I ſhall now cop . 
ſider the effects of powers acting obliquely, and 
ſhew in what caſes they balance each other. 
And firſt, if three powers acting in oblique d- 
rections, be to one another, as the reſpective tides 
a triangle formed by the concourſe of three lis 
drawn parallel to the directions of the powers; 
thoſe powers will balance one another. For in-W 
ſtance, if three powers drawing the point A in te 
directions AB, AC, and AE, be to one another, 
the ſides of the triangle ADE, or ADC, m dee oi 
the concourſe of the lines AD, AE and E « 
AD, CD, and AC, which lines are parallel :0 ti 
directions of the powers; they will balance one at 
other, and the point A will remain unmoved. 
For if the line AD be ſuppoſed to denote a po 
equal to that which acts in the direction AB, bu 
contrary thereto; the power denoted by AD vl 
draw the point A as forcibly towards D, as ls 
drawn by the oppoſite power towards B; conle 
quently, there will be a balance between the t 


powers , 
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wers; but the power denoted by AD may be re- Lx cT. 
ved into two powers denoted by AE or CD, VIII. 


oth nd AC or ED; which two powers acting to- 
ether upon the point A in their proper direc- 
cy E ions AE and AC, will draw it as ſtrongly towards 
le ir , as it is drawn by the ſingle power denoted 
ght u AD; as is evident from what has been ſaid concern- 
and u Ing the reſolution and compoſition of motions and 
e rats forces; conſequently, two powers which are as AF 
40; r CD, and ED or AC, acting in the directions 
ce MAE and AC, will balance the third power which | 
m as AD acting in the direction AB; that is, two 14. 
ance d = which are as the two ſides of a triangle, 
will by ing in directions parallel to thoſe fides, will ba- 


ands. Wnce a third power, which is as the third fide, and 
ung the Which acts in a direction parallel thereto; and what 
nd te has been thus proved in particular of two of the 
o act u howers with regard to the third, is in like manner 
OW Colt Fe onftrable of any two of the powers with reſpect 
ly, a the other; conſequently, any three powers 
Shich are to one another reſpectively as the ſides of 


que (WR triangle, and which act in directions parallel to 
> fides 0 Whoſe ſides, will deſtroy each the others ef: ect, and 
ree linsemain in æqguilibrio. To confirm this by an expe- 
powers; ment; let the ſides of a triangle ABC drawn on pf. 3. 
For i horizontal plane, be as two, three, and four; Fig. 2. 
A in ted let CE be parallel to the fide AB, and the fide Exp. 5: * 


other, C continued towards D. Let three ſmall chords 


m de He joined together at C, and ſtretched over three 

E zo ileys in ſuch a manner, as that one of them ma 

le] :0 te ver the line CD, another the line CE, and the 

e one rd the line CB; this being done, if a weight of 

ved. Pur ounces be hung to the chord which paſſes over 

e a powell], and one of three ounces to that which covers 

AB, bug, and one of two ounces to that which covers 1 

Ab vil there will be a balance; the weights, which =. 
, 4s 11 0 this caſe are the moving forces, being to one an- q 

> . conſe ber as the ſides of the triangle to which the direc- i 
che toes of the weights are parallel, a 


poweh3 If 
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VIII. 
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Exp. 6. 


balance, fo as to have it's line of direction DA Det 


Or OBLIQUE POWERS. 
If the weight A hangs freely from one end dt;: 


pendicular to the arm of the balance; and if 2 
other weight as B, be hung at the other end E, 
ſuch a manner, as that it's line of direction FC 
paſſing over a pulley at C may be oblique to th 
arm of the balance, the weight B muſt be to th 
weight A when it counter balances it, as EC n 
CF, that is, as radius to the fine of the ang, 
CEF made by the oblique direction of B yit 
the arm of the balance; for if the whole force & 
gravity in the weight B acting in the direction E 
be denoted by the line EC, it may be reſolved in 
to two forces denoted by EF and FC, acting in th 
directions of thoſe lines, of which two forces, th 
latter only which acts in the direction FC perpend 
cular to the arm of the balance withſtands the fore 
of gravity in the weight A, the other force wia 
acts in the direction EF being intirely imployed uM 
preſſing the balance againſt the axis of it's motion; 
ſince therefore, that part of the weight B whid 
acts in oppoſition to the weight A, is to the wid. 
weight B, as FC to EC; it is manifeſt, that in 
der to make the weight B balance the weight 4, !M 
muſt exceed the weight A in the ſame proportia 
that the line EC exceeds the line FC; and thus! 
is found to be from experiments; for if the pul 
be ſo ordered as that EC may be to FC as the 
to two, then a weight of three ounces appended ei 
E, will balance one of two ounces appended at D. 
As a COROLLARY it follows, that the perpena dil 
cular diſtances of the lines of direction from tit 
center of motion, are to one another inverſly as ti: 
weights; for, if from G the center of motion vi: 
let fall GH perpendicular to EC, that line wil 
the perpendicular diſtance of the direction EC fron 
G; and EG, equal to DG, is the perpendicui 
diſtance of the direction DA; but the W 


- 
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Lor. ing to EC, as two to one, that is; inverſly as t 
VIII. weights, there will be a balance, and the whe 
Will continue at reſt. And if by the force of th 
hand it be turned about it's axis either to the rich; || Wo 
from I towards K, or to the left towards M, the ; 
balance will ſtill continue, and the wheel will u. 
main unmoved when the hand quits it, whateye 
be it's poſition, OP 
PI. 4. If the points of ſuſpenſion D and E, be ſo p 
Fig. 6. ſited, as that the right line DE which joins then, 
does not paſs through C the center of motion; let th 
line be divided any where as in G by another lin 
as IL paſſing through the center C, and there will 
a balance, if the appending weights be to one anc þ 
ther inverſly as the parts of the line DE, that is, | 
A be to B as EG to DG, provided the poſition d 
the-wheel be ſuch, as that the line IL may be pe: 
pendicular to the horizon ; for ſince the lines bt 
GC, and DH are parallel, FC is to HC, as'E6n 
DG; but by ſuppoſition, as EG is to DG, oi 
A to B; wherefore A is to B, as FC to HC, tix 
15, the weights are inverſly as the perpendicular 
ftances of their lines of direction from the center 
motion, conſequently, their moments are equal; bi! 
if by turning the wheel about it's axis the line l 
be put out of it's perpendicular poſition, the i 
lance will be deſtroyed; becauſe, in that caſe, or 
of the lines of direction will approach nearer t 
the center of motion, whilſt the other receds; 
and of courſe their perpendicular diſtances will u 
continue in the inverſe ratio of the weights; for! 
the wheel be moved upon it's axis from I towards 
ſo as to have the line SCR perpendicular to the plan 
of the horizon; the line of direction DA will # 
proach towards the center ſo as to become DP, i 
it's perpendicular diftance from the center of mot 
on will be NC, whilſt the other line of direct 


recedes as far as EQ, and it's perpendicular as J 
r 


as the 


- whe e weight B mult preponderate, and move the VIII. 
of the heel about it's axis in the direction IKL. WY 
e rich: || And as the wheel continues to move in that directi- 
M, the „the direction of the weight A will approach 
will u. arer and nearer to the center of motion, and at 
haters @ Kngth paſs beyond it, fo as to be on the ſame ſide 
Sith the direction of the weight B; ſo that the 
ſo po Pheel will then be moved by the joint force of 
s then Poth weights, and continue foto be, till ſuch time 
ett i the direction of the weight B, getting on the 
her lin her ſide of C, B begins to act in oppoſition to A, 
e willh d ar length the point I, being brought into the 
ne ans Place of I., the weights do again balance each 
at is, i ther, che line DE being divided by the perpendi- 
Gtion «ular line IL in the reciprocal ratis of the weights. 
be pe. To confirm what has been ſaid by an experiment, Exp. 8. 
= ir Me the line DE in the plane of a wheel, be divided © © 
«EGS G by the line IL in ſuch a manner, as that DG 
, {o bay be double of EG; then fetting the line IL 
IC, tha t let a weight of one ounce be hung 
culard- om D, and another of two ounces from E, and 
-enter u e wheel will remain unmoved let then the wheel 
ja! ;b1 Fe turned a little upon it's axis, either to the right 
> line Lf band or to the left; in the. former caſe, the two 
the be unce weight will prevail, and carry the wheel 
aſe, on ownward to the right hand, but in the latter the 
arcr 0 rvaller weight will preponderate, and make the 
recedes heel to revolve towards the left. | 
will oo It the line DE be divided in another point as T, Exp. g. 
s ; forl by the line SR, ſo as that DT may be one third of 
wards LE | + and if a weight of three ounces be ſuſpended 


the plate 
\ wall a 
PP, and 
of mob 
direct 
r Ciſtand 
fol 


D, and another of one ounce at E, the ſame 
pings will happen as in the former experiment; 


the line SR being placed vertical there will 
a balance; and upon moving it out of that 
Folition the balance will be deſtroyed. 


It the crooked lever FCD be fo placed on it's pl. 4. 


rr at C, as that the arm CF may be parallel to Fig. 7. 


12 the 
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Jom C becomes equal to OC; for which reaſon LRC. 
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Lz cr. the plane of the horizon, and the arm OD incling Þþ 
VIII. thereto ; if two weights as B and A appended x 
DB and F, be in the reciprocal proportion of th; 


erpendicular diſtances of their lines of directiy KC 
From the prop; that is, if B be to A as FC to EH me 
there will be a balance; for as long as the arm F F 
continues parallel to the horizon, the weight B hang. m 
ing from the point D acts in the ſame manner h In 
oppoſition to the weight A, as if it hung from! an 
the extremity of the ſtrait lever FC continued « WFP 
to E, in which caſe the weight B that balances th op 
weight A muſt bear the fame proportion to it th d 


FC does to EC; if therefore the arm DC he ber # c 
in ſuch a manner, as that EC may be one half u 

one third of FC in the former caſe a weight of tu D 
ounces, and in the latter one of three ounces hang. e fi 
ing -from D will be counterpoiſed by one ound 
hanging from F. 

If by moving the lever, the arm FC be put ou 
of it's parallel poſition, the balance will be deſtroy 
ed; for that cannot be preſerved, unleſs the d. 
ſtance of B's direction from the prop continues u 
bear the ſame proportion to the diſtance of Ad 
rection, that EC docs to FC; which in this calc 1s 
impoſſible; for firſt, . if the point F be moved up 
ward towards H, anc: of courſe the point D down: 
ward towards G, it is manifeſt, that the diſtance 
of both directions will be leflened ; but the decreale 
of EC in a given time will bear a greater propor 
tion to the decreate of FC, than EC does to Fc; 
for by that time the point D has moved from Dt 
G through the arch DG, which meaſures the angled 
CD's inclination, EC will vaniſn; whercas H 
cannot vaniſh till ſuch time as the point F has movel 
from F to M through the quadrantal arch EM, bu 
in the ſame time that the point D moves from Dt 
G through the arch DG, the point F can move only 
from F to H through the arch FH ſimilar to Db; 
which arch being always leſs than the quadrant, ci 


per pe 
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clins if | -rpendicular diſtance of A's direction from the prop, Lr. 
ded a p wit FC, will not vaniſh upon the arrival of the VIII. 
vint F at H, that is, it will not vaniſh ſo ſoon as 


of the 

rect KC; conſequently, the decreaſe of EC in a given 
to E me muſt bear a greater proportion to the decreaſe 
rm C FC, than EC does to FC: where fore EC as 
Z hang liminiſhed in any given time, will be to FC as di- 
nner h iniſned in the ſame time, in a leſs proportion 
from k an that of EC to YC; or in other words, the 
ned g ferpendicular diſtance of B's direction from the 
ces te op will bear a leſs proportion to the perpendicu- 
it thy Ir diſtance of A's direction, than EC does to EC; 


e ben 5 therefore, the weight A will preponderate. If 
half o e point F be moved downward, and confequent- 
D upward, it is manifeſt from the inſpection of 
e figure, that the diſtance of A's direction from 
> cant # prop continually diminiſhes, at the fame time 

at the diſtance of B's direction increaſes z and 


therefore the weight B muſt in that caſe over- 


of tw 
s hang. 


put out a 

deſtroy Wlance the weight A. 

the c I FCD be a crooked lever placed as the laſt, Pl. 4. 
ics it a weight, inſtead of being hung from the Fig. 8. 


F A's d. am DC, be laid thereon at D, and by a vertical 
8 caſe b Ane, as HK, ſet cloſe to it, be hindered from 
ved up ing off; from the point D whereon the weight 
) down: s, let the line DE be drawn perpendicular to the 
1:0ancs C continued on towards G; the weight at D 
decreat II. be balanced by the weight A hanging freely 
propor en F. provided the weight D be to the weight 
.* na ratio compounded of EC to CD and of 
m Du WE. © CD; that is, as a rectangle under EC and 
angled N the perpendicular diſtances of the directions of 


ercas H WO welghts trom the prop, to the ſquare of 
$ moved U the inclined arm of the lever. For whatever 
7M; bu e moment wherewith the weight A preſſes 
om Du Nin the arm FC, the arm DC muſt with an 
ove onh " aa, moment be preſſed upward, and with it the 
to DG; ent D in the direction DG perpendicular to 
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LE er. CD; and foraſmuch as the ſame weight preſſe per 
VIII. pendicularly againſt HK the vertical plane, it mu 
was be preſled backward by the ſame in an horizonty 


Exp. 10. 


Exp. 11. 


o OBLTQUE POWERS. 


direction; and at the ſame time it muſt have at 
dency downward from the force of gravity in the. 
rection ED; fo that it is acted upon by three forcs 
in the directions DG, GE and ED; in or44 e 
therefore to a balance, the forces muſt be as *πν Nat 
fides of the triangle DGE; and the force of grim Pert 
which preſſes it in the direction ED, muſt be tot as 
force preſſing it in the direction DG, as ED »wM&PP 
DG, or, becauſe the triangles DGE and CT} 
are ſimilar, as EC to CD; but as the force whit 
preſſes it in the direction DG is of equal momen 
with the weight A, that force muſt be to the weigh 
A, as FC to CD; conſequently, the force of gr 
vity in the weight D muſt be to the force of gras 
ty in the weight A, that is, the weight D muſtls 
to the weight A, in a 7atzo compounded of EC 
CD and of CF to CD, or as the rectangle und 
CE and CF to the ſquare of CD. To contm 
this by experiment, let a crooked lever as E 
conſiſt of equal arms, and let it be bent in ſuc 
manner as that EC may be to CD, as one to tu 
and let a weight of one ounce be laid on at D, a 
another of two ounces be hung from F, and tir 
will balance each other; for in this caſe the pr 
duct of EC which is as one, into CF which s: 
two, will be two; and CD being as two, the qua 
thereof will be four; fo that the rectangle und 
EC and CF, is to the fquare of CD, as tuo 
four, or as one to two; in which proportion ti 
fore the balancing weights mult be. | 
All things remaining as in the laſt experime 
excepting that the arm CF is as long again C 
jo that EC, CD, and CF are as one, two, A 
four; a weight of one ounce at D will be balatd 
by one ounce hanging freely from F; for C , 
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Ne ig two, it's ſquare is four; and the product of LR cr. 5 
daß , which is as one into FC, which is as four, is VIII. 


it FC, * 
a — kewiſe four. 
r1zonty 4 bis "the £ 2 
In wheels turned by the force of water falling Exp. 12 

7C a ten. | | h . h p 5 £ 
1 the; pon them from an height, and which on that ac- f 
* unt are commonly called overſhot wheels, the | 
1 jy: moving power is partly the percuſſive force of the | 
. by rater which falls into the uppermoſt bucket, and q 

\ 6 


ov partly the gravity of the water contained in the 
or i pther buckets, which are lodged on the rim of the 
* bppermoſt quarter of the deſcending part of the 


" - wheel ; and the effects which theſe forces have up- , 
_— en the wheel are greater or leſs in proportion to their 

mon solute quantities, and the diſtances of their lines 

n muy ff direction from the center of the wheel. Thus, pj 4. 

| e of oP ere AIOP repreſents an overſhot wheel,C it's cen- Fig. g. 

af * er, K, L, M, N, four buckets fixed on the uppermoſt 

mae oarter of the deſcending part of the wheel; AB 


the direction of the water flowing into the upper- 
Moſt bucket K, CB the perpendicular diſtance of 
that line from the center C; DE, FG, and HI, 
he lines of direction of the centers of gravity of 
the ſeveral portions of water contained in the buc- 
Kets L, M,N; CE, CG, and CI, the perpen- 
Eicular diſtances of thoſe lines from the center C. 
The force of the water flowing into K is propor- 
Ponal to the quantity flowing in in a given time, as 
o to the velocity wherewith it flows, and the di- 
ſtance of it's line of direction from the center; and 
Wicretore, where the quantity and velocity are given 
Pic force will be as BC the perpendicular diſtance of 
3 the line of direction, from C the center of mo- 
un; conſequently, the nearer AB approaches to 
Wc tangent in the point A, or the more obliquely 
Pe water Hows in upon the wheel, the greater will 
force be. The portions of water contained in 
De buckets L, M, N, have different forces accord- 
do their different quantities, and the different 
0 ſtances of their lines of direction from the cen- 
3 14 ter 
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LS r. ter C, their quantities being greateſt, when the d 
VIII. 
empty as they deſcend; ſo that their force leſſens 


Pl. 
Fig 
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. 10. 
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ſtances of their directions are leaſt; for the bucket, 


they deſcend, by reaſon of the diminution of thei 
quantities, but at the ſame time it likewiſe 1ncreals 
on account of the increaſe of the diſtance of thei 
lines of direction from the center of motion; 5 
that upon the whole, the force in each bucket may 
be looked upon as invariable; but whether this be 
ſo or not, certain it is, that if the wheel be truly 
centered, and the buckets be equal and alike, and 
if the water flows in uniformly, the whole moving 


force muſt continue the ſame as long as the whee! 


continues to move; and ſince it acts inceſſant], 
the motion of the wheel muſt be continually ace 
lerated, and that uniformly ; and thus it would 
be, were it not that when the wheel arrives at a cet 
tain degree of velocity, the reſiſtance which is g. 
ven becomes ſo great as to deſtroy the increment 
of motion as faſt as they are generated by the 
moving force; by which means the wheel is mad 
to revolve with one uniform velocity, which is the 
greateſt that can be given it by that moving 
Power. 

A plane as AB placed obliquely to BC, which 
repreſents an horizontal plane, is called an inclined 
plane; the angle ABC is called the angle of clevz 
tion, and it's complement BAC the angle of incl. 
nation, the line AC perpendicular to BC is call 
the height of the plane, and AB it's length. It: 
weight as P be laid on an inclined plane as AB, and 
be thereon ſuſtained by a power acting in a direction, 
as PF, parallel to the inclined plane; in order to 
balance, the ſuſtaining power mult be the weight, 
as the height of the plane to the length thereof, that 
is, as AC to AB, or, putting BA for the radi 
as the ſine of the angle of elevation to radius; 10 
the weight P is ated upon by three powers in di 


ferent directions, the firſt of which is the force 0! 


gravity, 
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Savity, which preſſes it downward in the direction LE cT. I: 
PD perpendicular to BC; the ſecond is the power VIII. 
$:--þ draws it in the direction PF parallel to Bx 
Nd the third is the plane BA, which does as it were 
Freſs it upward in the direction PH perpendicular 1. \4 
© BA; for as the weight P preſſes the plane in a 
Wirection perpendicular thereto, it is reacted upon 1 
by the plane in a contrary direction. If therefore 1 
he line EG be drawn parallel to PD, the ſides of 
the triangle PE G will be proportional to the three 
wers, and the force which ſupports the weight on 
bo inclined plane, and which acts in the direction 
PF, will be to the abſolute weight of the body act- 
Ing in the direction P D parallel to G E, as PG to 
GE ; but inaſmuch as the triangles PEG and CBA 
are ſimilar, as PG is to GE, fo is AC to AB; 
Etonſequently, the power neceſſary to ſupport a 
weightonan inclined plane muſt bear the ſame pro- 
portion to the weight ſuſtained, that the height of 
the plane does to it's length; which is confirmed by 
experiments; for if a weight of four ounces be laid Exp. 13. 
aa plane whoſe length is to it's perpendicular 
eight, as two to one, it will be counterbalanced b 
weight of two ounces, provided the whole gravity 
1 Withcreot be made to act in drawing the other weight 
| Wn direction parallel to the inclined plane, which 
ay be done by faſtning one end of a cord to the 
- Wereater weight, and then ſtretching the cord along 
the plane, ſo as to keep it parallel thereto, and 
paſſing it over a pulley at the top of the plane; for 
the ſmaller weight being tied to the end of the cord 
Waich lies beyond the pulley will hang freely, and 
lor that reaſon acts with all it's gravity in a. direction 
parallel to the plane. 
The ſame weight of four ounces being laid on Exp. 14. 
n inclined plane whoſe length is to it's height as 
four to one will be ſuſtained by a weight of one 
Punce hanging freely as before. — 
[ . 
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LzecT. The force wherewith a body reſting on an jr, 
VIII. clined plane preſſes the fame, is to the weight of the 
Wy w body, as the line of the angle of inclination to g. 
| dius; for in the triangle PEG, PE denotes the 
force wherewith the body preſſes the plane, and G 

the weight of the body; but from the ſimilarity 

the triangles, as PE is to G E, fois BC to BA, uy 

putting BA for the radius, BC is the fine of BAC th, 

angle of inclination ; wherefore as BC the ſine 5 

the inclination is to the radius AB, ſo is the tore: 
wherewith the body preſſes the plane to the abſolut 

Pl.4, weight of the body. Hence, if upon an inclined lever 
Fig. 11. as AB, reſting on the two props A andB, a weigh 
be laid any where as at P, it will be eaſy to deter 

mine what proportion of the weight each prop bear; 

for drawing the horizontal line A E equal in length 

to AB, and from the point P whereon the weight 

reſts letting fall PD perpendicular to A E, if At 

be ſuppoſed to denote the whole weight of the body 

AD will denote that part of it which is ſuſtaine 

by the uppermoſt prop, and D E that part which 

is ſupported by the lower; for if the lever was hv 
rizontal, ſo as that the body might preſs it with a 

it's gravity, the whole weight of the body would by 

to that part of it which preſſes the prop B, as BA 

to PA, as is evident from what has been ſaid cor- 

cerning the ſecond kind of lever; but as in the it 

clined poſition of the lever the whole weight of the 

body does not preſs upon it, that part of the weigit 

which the prop B ſuſtains in the horizontal poſition, 

muſt be to the part ſuſtainedin the inclined poſition, 

in the ſame proportion with the abſolute weight d 

the body to the force wherewith it preſſes the i. 

clined plane, that is, as PA to AD; for putting 

PA for the radius, AD is the ſine of the inclination 

of the lever; conſequently the whole weight © 

the body muſt be to that part which preſſes on tte 

prop B in the inclined poſition of the lever, in a 79 

2 compound 


guence th 


pe as D ] 
Hence 


: bad fixe 
tween th 
deſcents 


Þurthen, 


wiſe follc 
wheel ca 


ſmaller tl 


more upe 
this has 1 
lecture. 


N my 
requi 
it a body 
t does nc 


for as thi 
the plane 


body mu 


E whereon 


4 
3 
* 


i 
3 


— 
© 
L 


power en 


rizontal [ 
will meet 


body,tha 


the plane 


will ariſe 


| the plan 
even ſucl 


3 Or FRICTION, 129 ql 
Eompounded of BA 10 P A, and of PA to AD, 065 
Sat is, it muſt be as BA to AD, or becauſe A B 6 ill 
und AE are equal, as AE to AD; and of conſe- 
huence the part ſupported by the other prop A muſt | 
Pe as D E. II 
Hence it follows, that if two perſons carry a | 
Pad fixed upon a lever, the load being placed be- 
ween them, which is the caſe of chairmen, upon 
Veſcents the foremoſt man will bear the greateſt 
Þurthen, and upon aſcents the hindermoſt. It like- 
wiſe follows, that in coaches and all other four- 
wheel carriages which haye the foremoſt wheels 
ſmaller than thoſe behind, the load muſt be thrown 
more upon the former than the latter; what effect 
this has upon the draught,ſhall be ſhewn in my next 
lecture. 


| LECTURE N. 


Or FrRiIicTiON. 


N my laſt lecture I ſhewed you what force is LE cr. 
requiſite to ſuſtain a body on an inclined plane. IX. 
it a body be laid on a plane parallel to the horizon, Cys 
it does not ſtand in need of any force to ſupport it; 

for as the direction of gravity is perpendicular to 

the plane of the horizon, the whole weight of the 

body muſt be ſuſtained by the horizontal plane 
E whereon it reſts: whence it follows, that if any 
power endeavours to move a body reſting on an ho- | 
montal plane in a direction parallel to the plane, it 0 
vil meet with no reſiſtance from the weight of the q 


8 1 body, that being entirely taken off by the reaction of 

es Plane whereon the body preſſes; but a reſiſtance | 
; vill ariſe from the attrition of the body againft "| 
m the plane; for the ſurfaces of all bodies whatever, i 


eren ſuch as ate of the fineſt poliſh, being in ſome ' 
= 957 | meaſure | 
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LES T. meaſure rough and unequal, (as is evident from th 


IX. 


obſervations that have been made by the help of ni 


Wy w croſcopes) when a body is moved upon a plan: 


Exp. 1. 


the prominent parts both of the body and pla 
muſt of neceſſity fall into each others cavities, an 


thereby create a reſiſtance to the motion of the hg. 


dy, inaſmuch as the body cannot be moved unl:; 
the prominent parts thereof be continually raiſe 
above the prominent parts of the ſurface whereo i 
ſlides ; and this cannot be done unleſs the whole bo. 
dy be at the ſame time lifted up, and as it wer 
raiſed on an inclined plane equal in height to thi 
forementioned protuberant parts; upon which ar. 
count the moving power mult ſuſtain ſome part a 
the weight of the body, even in moving it along ar 
horizontal plane. But as this 1s occaſioned by the 
inequalities in the ſurface, if thoſe were intirely tz 
ken off, ſo as to leave the ſurface perfectly ſmooth 
and even, the reſiſtance ariſing from friction would 
likewiſe be removed; and fetting aſide the reſiſt 
ance of the medium, the ſmalleſt force would be 
ſufficient to move the moſt ponderous body along 
an horizontal plane. But ſince there are not in n+ 
ture any bodies, whoſe ſurfaces are perfectly equal; 
there will ever be ſome reſiſtance ariſing from trict:- 
on; which reſiſtance will remain unvaried what. 
ever be the magnitude of the ſurfaces that rub one 
againſt the other, provided the weight which prel- 
ſes thoſe ſurfaces together, as alſo the roughneſs of 
the ſurfaces continue the ſame ; for the ſame weight 
will ever require the ſame force to raiſe it over pro- 
minences . given height, whatever be the mag: 
nitude of the ſurface whereon the weight reſts; 
conſequently, the quantity of reſiſtance will not be 
varied by varying the magnitude of the ſurface; 
which may be confirmed by the following exper. 
ment. Let four pieces of poliſhed box be laid on 
a poliſhed horizontal plane, and let each piece be 


ſo loaded as that it's own weight,together with that 
0 
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it's load may be 6685 grains, and let the baſis Le cr. 

We one be two inches long, and half an inch broad, IX. 
Ind thoſe of the other three, be each four inches .- 
length, but let their breadths be half an inch, 

In inch, and an inch and an half, ſo that the mag- 

Situdes of the baſes may be as one, two, four, and 

&x ; let then a ſmall cord be faſtened to the end of 

ach piece, and by paſſing over a pulley, be kept 

a poſition parallel to the plane, and a weight of 

2030 grains hanging from the end of the cord 

hich lies beyond the pulley, will juſt ſuffice to 

move each piece along the plane; fo that the re- 

ſtance ariſing from friction is the ſame in each 

piece, notwithſtanding the different magnitudes of 

the ſurfaces whereon they reſt. 

# If the roughneſs of the ſurfaces whereon the bo- Exp. 2. 
ies move be given, the reſiſtance ariſing from fric- 

tion will vary with the weights of the bodies, and 

proportional thereto ; for if a certain force be 

lufficient to raiſe a certain weight over prominences 

bf a given height, it is manifeſt that a double or 
ple weight will require a double or triple force to 
gaiſe it to the ſame height. If therefore the pieces 
df box be ſo loaded, as that each of them with it's 
load may weigh 13370 grains, that is, as much 
again as in the laſt experiment, a weight of 4060 
grains, that is twice as much as before, will be ne- 
teflary to move them along the ſame plane. 
| If the roughneſs of the ſurface whereon a bod 
moves be increaſed, the reſiſtance will likewiſe in- 
treaſe, though the weight of the body remains the * 
eme; but as the degree of roughneſs in any ſur- 1 
ee cannot otherwiſe be determined than by expe- | 
ment, ſo neither can the reſiſtance ariſing there- 
rom; if the plane made uſe of in the laſt experi- Exp. ;. 
ments be thinly covered with fine ſand, the reſiſt- 
ance will thereby become greater in the proportion 
dt about five to four; for the ſame pieces of box / 
f Flch were ſet a going by 2030 grains when the 
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2500 grains, that is about one fourth more. 


— To avoid as much as poſſible the reſiſtance a. 


Pl. 4. 
Fig. 12. 


ſing from friction, which in rough and unera 


roads muſt needs be very great, WHEEL cz. 


RIAGES have been contrived ; the advantages when. 
of I ſhall endeavour to explain to you, but 1 ſl 
firſt ſhew you from what cauſe it is that whe; 
turn round during their progreſſive motion along; 
plane. If a wheel as AC B playing freely on th: 
axis at A, be lifted off the plane BD by a power 
applied to the axle, and be carried in any direct 
whatever, it will not revolve about the axle; fi 
ſince in all wheels that are truly made the axle pafis 
through the center of gravity, it is evident, that 
in this caſe the wheel is ſuſpended by it's centerd 
gravity, and of conſequence will not of it {il 
change it's poſition, but each point thereof will d 
ſcribe a line parallel to the direction of the moving 
power without any rotation about the axle, in the 
very ſame manner as if the wheel was fixed to tix 
axle; but if one point of the wheel as B reſts up 
on the plane BD, and if a power applied to the 
axle draws the wheel in any direction as A P, os 


to move it along the plane BD; the motion of te 


point B will be retarded by the reſiſtance ariſing 
from friction, whilſt the point C, which meets vit 
no reſiſtance, is carried forward without any retar 
dation of it's motion, and conſequently mult mov! 
forward faſter than the point B; but as all the pam 
of the wheel cohere, the point C cannot move for 
ward faſter than the point B, unleſs the wheel 16 
volves about it's axis from C towards E; and as tl 
ſeveral points of the wheel's circumference, whicl 
are ſucceſſively applied to the plane, ſuffer a retat 
dation in their motion whilſt the oppoſite pom 
move freely, the wheel, during it's progreſſive mo 
tion along the plane, muſt continue to revo 
about it's axle, , 
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By this rotation of heels about their axles, the Lx c T, 

Eaſtance ariſing from friction is very much dimi- IX. 

Iimned, and draughts thereby rendered more eaſy; for ww { 

& plain roads, where the height of the prominent | 

Hurts is intonſiderable with reſpect to the diameter 
f the wheel; the parts of the revolving, wheel 

Shich apply themſelves ſucceſſively to the. road, 

Pay be looked upon in ſome meaſure as deſcending 

pon the minute prominences, and of courſe muſt 

$f over them without any conſiderable friction. 

Aud much is the reſiſtance ariſing from friction 

| © Uiminiſhed in wheel carriages, that if upon the ſame pq, 4 

ane whereon the pieces of box were drawn, a car- 

ige be laid with four equal wheels, each three 

t W Huarters of an inch in diameter, and loaded in ſuch 

manner, as that the weight of the carriage and 

ad may amount to 668; grains, which was the 
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„eight of each piece of box with it's load, it will 
ect a going by a weight of 420 grains drawing | 
t horizontally, whereas 2030 grains were requiſite 


it Wo move the pieces of box along the ſame plane. 
From this experiment it appears, that the friction 
very much leſſened by means of wheels; which 
Iiminution is not to be attributed to the wheels 
Pouching the plane in a few points, as may poſſibly 
imagined, but to the rotation of the wheels, for 
the wheels of a carriage loaded as before be made ny 
gat to the axle, ſo as not to revolve in their motion, Exp. 5. 

2030 grains will be neceffary to ſet the carriage a 
Boing, that is Juſt as much as was requiſite to move 
the pieces of box. | 
| As wheel carriages in general meet with leſs re- 'Þ 
ſtance in their motion than any other, ſo thoſe of 
arger wheels, ceteris paribus, are leſs reſiſted than 
noſe of ſmaller; for the proof whereof, it will be 

eceſſary to premiſe two LEMMas ; the firſt of 
Fuch is, that the ſecants of angles are to one another Pl. 4. 
ber as the fines of their complements, that is AD, Fig. 13. 
lich is the ſecant of BAD, is ts AC, which is the 
| ſecant 
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LE e r. ſecant of BAC, as AF, which is the fine of the Wnſeque 
IX. plement of BAC, to AH, which is the fine of them My be le 
wed Plement of BAD. For from the nature of (ini, nes, v 
triangles AD is to AC, as AE to AK, that h; the cu 
AE to AG; but AE is to AG, as AF to 14 incide 
conſequently, AD is to AC, as AF to AH. Wngents 
The ſecond LEMMA is, that if two arches if n the po 
equal circles have their verſed fines equal, the art; L; the 
the leſſer circle is greater in proportion to the hal; 1. nſcquer 
ripbery, than the arch of the greater circle; nn on as d 

other words, the angle meaſured by the arch aft ſince 
leſſer circle, is greater than the angle meaſured Height, t 
Pl.4. arch of the greater circle. Let HF and DB be ty ned pla 
Fig. 14- arches of unequal circles, whoſe verſed fines H ven, m 
and BC are equal; I ſay, the angle HE is gie I gts of 
than the angle BAD; for ſince EF is leſs than A} rts the | 
and GF and CB are equal, EF is to GF in a force 1 
proportion than AB to CB; conſequently, EG L. as 
to EF in a leſs proportion than AC to AB, that « Wt" the ra 

the fine of the angle GHE, is leſs than the ſined WP ſecant 
the angle CDA, and of courſe the angle GH. M. as 

leſs than the angle CDA; conſequently, the ang: ant of 

 HEG, which is the complement of the leſſer arge Tele Al 
GHE, is greater than the angle DAC, which is ts Viangles, 
complement of the greater angle CDA. . Or as 
PL. 4 Theſe two LEMMas being premiſed, let Hud theref 
Fig 15. repreſent a plane whereon move the two wheel heel ont 
ABH and KLR, which are of different mag ung the 
tudes, but equal in weight, and let BC and LMb th yrs; 


two obſtacles of equal heights, and of ſuch a. 
ture as that the wheels cannot otherwiſe paſs tiz 5 SEQ, 
by ſurmounting thoſe obſtacles; the forces requilitt Wh Gto | 
to draw the larger wheel over the obſtacle BC, iC Enma, th 
than what is requiſite to draw the leſſer wheel ov co 
the obſtacle LM equal in height to the former ; er wh 


ſince the wheels revolve in paſſing over the points] ce hic 
and L, their centers of gravity A and K may® one 


looked upon as revolving about the fixed points 9 12 
and L, and deſcribing the arches AF and KP; 4 e me 
. conſequent!) \ 
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Way be looked upon as drawing them upon inclined 


che curves in the points A and K, that is, they 
Wincide with the tangents AE and KO; which 
Wngents being parallel to the tangents of the wheels 
che points B and L, that is to ſay, to DB and 
L; the centers of gravity of the two wheels, and 
@nſequently, the wheels themſelves may be looked 
pon as drawn up the inclined planes DB and NL; 
t ſince the wheels are ſuppoſed to be equal in 
eight, the forces which ſupport them on the in- 
ned planes D B and NL, the height whereof is 
ven, muſt be to one another inverſly as the 
Engths of the planes; that is, the force which ſu 
rts the larger wheel on the plane D B, mult be to 
e force ſupporting the ſmaller wheel on the plane 
L, sNLtoDB; that is, putting BC or LM 
r the radius, as the ſecant of the angle N LM to 
e ſecant of the angle DB C or, becauſe K S and 
M. as alſo AI and BC are parallel, as the 
\ ant of the angle KSL to the ſecant of the 
„ele AIB; but, from the nature of fimilar 
angles, the angle K SL is equal to the angle 
IQ: as is alſo the angle AIB to the angle ABG; 
Wd therefore the force which ſuſtains the greater 
f" 2 on the inclined plane D B, is to the force ſuſ- 
ning the leſſer wheel on the inclined plane NL, 
the ſecant of the angle KLQ to the ſecant of the 
Dgle ABG; but, by the firſt Lemma, the ſecant 
IKLQ is to the ſecant of A BG, as the ſine of 
Atto the fine of LK Q; and, by the ſecond 
Lemma, the ſine of B A G is leſs than the fine of 
Q conſequently, ,the force which raiſes the 
eater wheel over the obſtacle BC, is leſs than the 
ce which raiſes the leſſer wheel over the obſtacle 
M equal in height to the former; but the forces 
Nuiſite to make the wheels ſurmount the obſtacles 
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the meaſures of the reſiſtances, and therefore, 
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Wnſequently, the forces which move the wheels LE c T, 
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nes, whoſe directions coincide with the directions wy > 
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Le T. ceteris paribus, the greater wheel muſt meet yi; 


IX. 


leſs reſiſtance from the ſame obſtacle than the ſm; 


wx ler. To confirm this by an experiment; let an q 


Exp. 6. 


three 
loaded in ſuch a manner as that the weight of t 


ſtacle one tenth of an inch in height be fixed on: 


horizontal plane, and cloſe behind it let there þ 


laced the carriage with four equal wheels, en 
o * . 4 0 
quarters of an inch in diameter, and if ith 


carriage and load may amount to 6685 grains, 
will not be raiſed above the obſtacle by leſs the 
2850 grains drawing it in a direction parallel to t 
plane; whereas if four wheels, each an inch a 
an half in diameter, be fitted to the ſame cattig 
the weight of the whole being the ſame as bein 


it will be raiſed above the obſtacle by 2050 grin, 


that is, by 800 grains leſs than were requiſite 
raiſe it with the ſmaller wheels. 

From this experiment it appears, that the reſi 
ance which larger wheels meet with in ſurmountin 
obſtacles, is leſs than the reſiſtance given to {malt 


wheels by the ſame obſtacles ; and from what kk 


been demonſtrated it is evident, that the reſiſtant 


given to the greater wheel is to the reſiſtance gim 
to the ſmaller, as the ſine of an angle meaſuredh 
an arch of the greater wheel, to the ſinc ou 


angle meœaſured by an arch of the fmaller whe 
the verſed fine of each angle being equal to 
height of the obſtacle ; ſo that putting R and f 
the radii of the two wheels, and x for the verſed [1 
or the height of the obſtacle, it follows from i 
| y/ 2 RxX—XX 
nature of the circle, that as— x — 51 


2 ſo is the reſiſtance given to the lay 


7 ” 

wheel to the reſiſtance given to the ſmaller, ord 
2 R—  2r—Xx 

viding by xz, 2 R "to r; but 86 
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height of the obſtacle, ſo likewiſe mult the pro- 


eel bears to the reſiſtance given to the ſmaller ; 
d all chat can be determined in this caſe is, that 
rger wheels ever meet with leſs reſiſtance in ſur: 
ounting obſtacles than ſmaller; and that the diſ- 
Foportion between the reſiſtances ſuffered by each 
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deed where the obſtacle vaniſhes, which is the 
t e when wheels move upon planes, the expreſſions 
1 the reſiſtances, and conſequently the reſiſtances 


* I 1 | 
Se mſclves, are as and , chat is, the re- 
mM R VII ä 


e ances are inverſly as the ſquare roots of the ſemi- 
Wameters of the wheels; ſo that where the heights 
che wheels are as one and two, the forces re- 
D to draw them along the fame horizontal 


ne, are as fourteen and ten, that is, inverſly as 
pe ſquare roots of one and two, which is confirm- 
by experiments; for whereas the carriage whoſe 


eels are three quarters of an inch in diameter, 
il, Equired 420 grains to move it along the horizontal 


ne, the weight of the carriage and load being 
85 grains; the carriage whoſe wheels are 12 
ch in diameter, when loaded in the ſame manner, 
ill be ſet a going by 300 grains; but 420 is to 
o, as 14 to 10, that is, the forces requiſite to 
Nove the two carriages along the ſame plane, are 
Nerſly as the ſquare roots of the heights of the 
Weights, 

lf the nature of the obſtacle be ſuch, as to be 
re down by the preſſure of the wheel, the larger 
Nel will in this reſpect likewiſe have the advan- 
cover the ſmaller, and depreſs the obſtacle with 


F* ſuppoſed to be equally weighty, let A Band 
K 2 | T Lex- 


el, increaſes with the height of the gbſtale. 
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3 oportion of theſe fines is not fixed, but varies with Lz c T- 
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Water force. For let LK be continued to J, ſo pl. 4. 
pat I L may be equal to AB; and ſince the wheels Fig. 14. 
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LI cT. T Lexpreſs the abſolute forces of the two why 
IX. acting againſt the obſtacles in the directions AB, 
wand KL; it is evident from what has been ſaid conc 
ing the reſolution of forces, that the force deny 

by AB may be reſolved into two forces; one whe 

of may be denoted by AG, and the other by G 
whereof A G alone acts in depreſſing the obf! 

BC, inaſmuch as it bears directly down upon 
whereas the other force denoted by GB, inaſm 

as it's direction is perpendicular to the obſtacle, n 

thruſt it forward, but can contribute nothing 

wards preſſing it downward from B toward 

In like manner the force denoted by TL, i; 
ſolvable into two forces, which may be denoted 

TV and VL, whereof TV alone acts in depreſit 

the obſtacle LM; conſequently, the force whe 

with the greater wheel depreſſes the obſtacle, is 

the force wherewith it is depreſſed by the leſſer 

AG to TV, or as the ſine of the angle A BG 

the ſine of the angle TLV or KL Q; but byt 
ſecond Lemma, the angle BAG, which is the co 
plement of G BA, 1s leſs than the angle LK 

the complement of KLQ ; conſequently the any 

AB is greater than TLV, and AG the fine oft 
former greater than TV the ſine of the latter; 

as AG is to TV, ſo is the depreſſing force of 
greater wheel to the depreſſing force of the {cl 
conſequently, the ſame obſtacle is more ealily ( 
preſſed by the larger wheel than the ſmaller, and 
courſe mult give leſs reſiſtance to the former than 

the latter. 

If the obſtacle be ſuch, as that it can neither 
ſurmounted nor depreſſed, but muſt be driven i 

ward, then indeed the ſmaller wheel has the ad. 

tage of the larger; for the forces of the wheels be 
reſolved as before, the lines GB and VL will exp! 

the forces which act in driving the obſtacle forwa 

but it has been demonſtrated, that GB the int 
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gle VT L equal to QK L.; and therefore the Lx r. 
Erce wherewith the greater wheel propels the ob- IX. 
acle, is leſs than the force wherewith the ſmaller .. 
Ppbeel propels the ſame; beſides, as the greater 

heel preſſes the obſtacle directly downward with 

p greater force than the ſmaller, the reſiſtance made 

by the ſame obſtacle to the propelling force of the 

larger wheel, will be greater than what is made to 

the propelling force of the ſmaller; ſo that where 

the obſtacle is to be propelled, the fmaller wheel is 
preferable to the larger; but as in draughts this is 

rarely if at all the caſe, the obſtacles which are 1 
F commonly met with in roads being ſuch as muſt | 
either be ſurmounted or depreſſed by the wheels, 

ſuch wheels are to be preferred as beſt ſerve both 

thoſe purpoſes, and thoſe I have ſhewn to be the 

larger wheels; which likewiſe are attended with 

other advantages beſides what have been already 

mentioned; for firſt, it frequently happens in rough | 
and uneven roads, that two obſtacles are placed fo | 
near each other, that before the wheel has quit- | 

ted one 1t meets with the other, and reſting upon 

each, hangs between them; in which caſe the ſmal- 

ler the wheel is, the lower it deſcends between the 

obſtacles, and thereby renders thedraught more diffi- 

cult; inaſmuch as it muſt be raiſed to a greater 

height in order to paſs over the foremoſt obſtacle, 
than when the wheel is larger: For the illuſtration pl. ;. wil | 
of which, let FE and H G repreſent two obſtacles Fig. r. 

placed at ſo ſmall a diſtance, that the wheel having 

ſurmounted the firſt but not quitted it, may meet 
with the ſecond, fo as to hang between them; it is ; 50 
manifeſt, that as the arch FDH of the leſſer wheel, U 
Which lies between the obſtacles, has a greater cur- 
vature than FB H the arch of the greater wheel, 
yhich lies between the ſame obſtacles, the point D 
mult deſcend lower than the point B; conſequently, 
the ſmaller wheel muſt be raiſed toa greater height 
ian the larger, in order to paſs over the ſame ob- 
| 3 ſtacle; 
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LE er. ſtacle; and therefore a greater force will be neceſt 


ry to pull up the ſmaller wheel, than what is reqy 
fite to raiſe the larger; which is confirmed by th 
following experiment. Let a carriage with foy 
wheels each an inch and aft half in diameter, and i 
loaded as that the weight of the carriage and lo 


may amount to 6685 grains, be ſo placed on th 


lane before made uſe of, as that the two foremg! 
wheels may hang between two obſtacles whoſe d. 
ſtance is half an inch, and their height likewiſe hl 
an inch, and a weight of 1150 grains drawing th 
carriage horizontally, will move the wheels fron 
between the obſtacles; whereas if four ſmall 
wheels be made uſe of each three quarters of an ind 
in diameter, a weight of 2700 grains will be requ- 
ſite to draw them from between the obſtacles. 
As wheels cannot always run upon the nai 
but muſt frequently meet with heavy roads, thy 
will ſink down, and thereby render the dravgh 


more difficult; but the larger the wheels are, th 


leſs ceteris paribus will the depth be to which thy 
fink. For if ABC denotes the plane of the road, 20 
it it be of ſuch a nature as to ſuffer the ſmaller het 
to ſink down as far as E; it is manifeſt that the g 
vity of the wheel muſt overcome the reſiſtance d 
as much of the earth whereon it preſſes, as 1s equi 
to the ſegment HED; for it cannot otherwiſe {ink 


than by forcing ſuch a quantity of the earth out d 


it's place; and ſhould the larger wheel ſink to tit 
fame depth, the gravity thereof muſt overcome 
the reſiſtance of as much earth as is equal to ti 
tegment AEC, that is, it muſt overcome a great 
reſiſtance in order to ſink to the ſame depth wit 
the ſmaller; but it cannot poſſibly overcome: 
greater reſiſtance, becauſe it is ſuppoſed to have ti 
{ame gravity with the ſmaller; conſequently, ! 
will not fink as deep as the ſmaller, and for ti 
rcaſon will make the draught leſs troubleſom. k 
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$ ith regard to the reſiſtance ariſing from the obſta- 


Ykewiſe in relation to the reſiſtance occaſioned by 
She friction of the box againſt the arm of the axle; 
hot that this reſiſtance is leſs in greater wheels than 

n ſmaller ; for ſince it is not varied by varying the 
agnitude of the ſurface, as has been ſhewn, it the 


boxes and arms are truly fitted and of an «qual 
ſmoothneſs, and the weights whereby the arms and 
boxes are preſſed together be equal, the quantity 
bf reſiſtance will be given, whatever be the magni- 
&ude of the wheels, as alſo of the arms of the axle 
dwhereon they play; but where the arms of the 
axles are of equal diameters, (which is commonly 
the caſe 1n one and the ſame carriage, though the 
heels be unequal) a leſs force is requiſite to over- 
come the given reſiſtance in a larger wheel than in 
a ſmaller; for in this caſe the ſemidiameter of the 
Wheel may be looked upon as a lever, whoſe prop 
or fixed point is at the center of the arm, and the 
impediment ariſing from the friction of the box 
Wacainft the arm may be looked upon as a weight 
placed upon the lever at the diſtance of the arm's 
ſemidiameter from the prop, whilſt the moving 
power is applied to the extremity of the wheels ſe- 
midiameter; and therefore in order to a balance, 
the power muſt be to the reſiſtance, as the ſemidia- 
meter of the arm to the ſemidiameter of the wheel; 
lnce then the impediment is given, as alſo the di- 
ſtance thereof from the prop, it is evident, that the 
Wager the lever is, and conſequently, the larger the 
heel, the leſs is the force requiſite to overcome the 


AH and DIK revolve, C the center of the arm, 
BBC it's ſemidiameter, DC the ſemidiameter of the 


K 4 bigger 


Pnaller wheel, and AC that of the larger; in the 
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As large wheels have the advantage of ſmall ones LE Or. 


IX. 


ies and impediments in the roads, ſo have they r- 


reliſtance. Thus, if B E F repreſents. the circum- Pl. 5. 
Wicrence of the arm of an axle, whereon the wheels Fig. 2. 


14 
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bigger wheel the length of the lever is AC, ay 
in the ſmaller DC; ſince therefore the ſame in. 
pediment is in both levers placed at the ſame di 
ſtance from the prop C, to wit at B, it will be by 
lanced by a leſs —— at A than at D; and the fo 
at A is to the force at D, as DC to AC, that i, 
inverſly as the ſemidiameters of the wheels; fu 
the force at A is as BC applied to AC, and th, 
force at D is as the ſame BC applied to DC; thu 
is, the force at A which balances the reſiſtance at}, 
is to the force at D which balances the ſame reſil. 
ance, as BC divided by AC, to BC divided by De, 
that is, multiplying croſſwiſe, and throwing out BC, 
as DC to AC. Whence it follows, that when the 
ſemidiameter of the arm is given, the more the 
wheel is enlarged, the leſs will the force be that 
requiſite to overcome the reſiſtance ariſing from the 
friction of the wheel againſt the arm; ſo that up 
this account as well as the former, large wheels ar 
to be preferred to ſmall ones. 


In order to leſſen the reſiſtance ariſing from the 
friction of the box againſt the arm of the a, 
there has been a late contrivance, whereby the axle 
contrary to what is uſual in moſt carriages, is made 
to revolve, and it's arms, inſtead of preſſing again 
the boxes, are made to bear on the circumference 
of moveable wheels, which wheels from their use 
in diminiſhing the friction, are by the author of thi 
contrivance called friction wheels. Now that (uct 
wheels, where they can be made uſe of, do take af 
much of the reſiſtance occaſioned by friction, vil 
appear from the following experiments; from tht 
axle of the machine called the axle in the wheel, 
which the diameter of the wheel is to the diametet 
of the axle, as nine to one, let a weight of 23163 
grains be hung, and a weight of 2770 grains hang 
ing at the circumference of the wheel, will turn the 


machine, provided the axle turns on the circum 
| renc 
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in the pevets it will be neceſſary to add 600 grains 


auently, the reſiſtance occaſioned by friction in the 
atter caſe, is more than four- fold what it is in the 
pormer; for ſince the diameter of the wheel is nine 
armes as great as that of the axle, a weight of 2574 
ganins at the wheel is requiſite to balance the weight 
of 23163 at the axle, which balancing weight be- 
ing deducted from 2770, and likewiſe from 3370 
grains, leaves 196 grains for overcoming the reſiſt- 
ance in one caſe, and 796 in the other; but 796 is 
to 196, as four and a little more to one. 
Again, let a ſmall cart with friction wheels be ſo 
loaded, as that it's own weight added to that of the 
load, may amount to 20000 grains; and a weight 
of 54 grains drawing horizontally, will move it 
along a ſmooth level table, whereas, if the friction 
heels be taken off, 322 grains will be neceſſary to 
© {et it a going. If the cart be ſo loaded as that the 
the weight of the whole may amount to 40000 grains, 
then in each caſe, a double force will be requiſite to 
move it, that is to ſay, 108 grains with the friction 
ade wheels, and 644 without them; ſo that in this cart 
ink che friction wheels take off five parts in ſix of the 
nes refiſtance ; for 54 is but a ſixth part of 322, as is 
© lixewiſe 108 of 644. And from theſe experiments 
this it does again appear, that under like circumſtances 
ſuch the reſiſtance ariſing from friction, is proportional 
ea to the weight, whereby the ſurfaces which rub one 
wil WF againſt the other are preſſed together. 

Seeing then that great wheels have in ſo many re- 
ſpects the advantage over ſmall ones, it will not be 
| improper in this place to ſhew you, on what account 
it is, that the wheels of common carrs, as alſo the 
| foremoſt wheels of coaches, chariots, and moſt o- 
| ther four-wheel carriages, are commonly made ſo 

{mall as ſeldom to exceed two feet and an half in 
dameter; and the firſt reaſon of this contrivance 
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1 "ces of two moveable wheels; whereas if it turns LE er. 


IX. 


more, ſo as to make the whole 3370 grains; conſe- wynd 
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Lc r. is for the convenience of turning; for as in moſ 


roads, but more eſpecially ſuch as are narrow, ther 


care windings of fuch a nature as to allow but a ſm] 


ſpace for carriages to turn in, it is neceſſary to mak: 
uſe of ſuch wheels as can turn in the narrow 
compaſs, and ſuch are ſmall ones; for it is a thing 
well known to carters, and all others who are uſcd 
to drive wheel carriages, that the larger the wheel 
are, the greater compaſs do they require in ord 
to turn with eaſe and ſafety; and ſhould they x 
any time attempt to turn carriages with lar: 
wheels as ſhort as thoſe which have ſmaller, the 
wheels will drag, and thereby render the draught 
very difficult, and ſometimes endanger the vv: 
ſetting of the carriage. 

But the ſecond, and indeed the principal real 
for the uſe of ſmall wheels is, that upon aſcents, an! 
in paſſing over obſtacles in rough and hilly roads, x 
little of the horſe's force may be loſt as poſſible; it 
roads were level and ſmooth without riſings or in. 
pediments, the moſt convenient ſize for wheels, {et 
ing aſide the neceſſity of turning, would be wher: 
the axle is upon a level with the breaſt of the horſe; 
for ſince the whole force of the horſe in drawing is 
applied to that part of the tackle which lies upon the 
breaſt, and to which the traces are joined; and finc: 
the traces are faſtened to the carriage in ſuch a mar- 
ner, as that being continued they muſt pals throug! 
the axle of the foremoſt wheels, it is maniteſt, that 
if that axle be of an equal height with the cheſt of 


the horſe, the traces, in whoſe plane the line of d. 


rection lies, will be parallel to the road whereon tt 
carriage is drawn; conſequently, the whole force of 
the horſe will be employed in drawing the carriage 
directly forward, without any loſs or diminution; 
whereas if the wheels be of ſuch a ſize as that tht 
height of the axle is either greater or leſs than thi! 
of the horſe's cheſt, the whole force of the horſe wi: 


not be employed in the direct draught ; as " 
orm 
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EE Eformer caſe, ſome part of the force will be ſpent in LR e T, 


| preſſing the carriage directly downward, and in the 
fitter, in lifting the ſame directly upward. For 


IX. 


the f and thhaftration whereof, let the firſt of Pl. 5, 
© the three wheels be of ſuch a ſize, as that it's axle A Fig. 4. 


5 

i 

may be of an equal height with the horſe's breaſt 
ait B; and let the fecond wheel be ſo large as that 
its axle A may ſtand higher than the horſe's cheſt at 
B, and in the third, let the axle be lower than the 
© breaſt of the horſe ; and in each wheel let the lines 
of direction of the horſe's draught, to wit a AB be 
taken equal, and let each of thoſe lines expreſs the 
force of the horſe; it is manifeſt, that in the firſt 


* without any loſs in drawing the wheel forward, be- 
* cauſe the line of direction AB, wherein the force 
| draws, is parallel to EF, the road whereon the 
* wheel moves; whereas, in the ſecond and third 
wheels the lines AB, wherein the forces draw, be- 
. ing inclined to EF, whereon the wheels move, 


„ſome part of each force muſt be loſt ; for if each 
ſe force denoted by AB be reſolved into two, to wit 
Ch and AC, whereof CB is parallel to EF, and 
l AC perpendicular thereto; it is evident, that that 
he force alone which is denoted by CB, acts in moving 


the wheel forward along EF, whilſt the force de- 
„noted by AC does in the ſecond wheel preſs it di- 


Ul rectly downward againſt the road, and in the third 
lifts it directly upward ; whence it follows, that if 
of the force of a horſe be juſt ſufficient to move the 
i WW firſt wheel, it will not ſuffice to ſtir the ſecond or 
he third. It likewiſe follows, that if the wheel be fo 
kur inlarged, as that the angle which the line of di- 
g fcction AB makes with the plane EF, approaches 


nearly to a right one, the line CB will bear a very 
mall proportion to AB, whilſt AC becomes near- 
h equal thereto ; ſo that almoſt the whole of the 
© horſe's force will be ſpent in preſſing down, and 
© ihereby increaſing the load; whence it . 
1 that 


wheel, the whole force denoted by AB, is imployed 
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LI c r. that notwithſtanding the ſeveral advantages ariſ 


IX. from the largeneſs of wheels, yet may they be f 
far increaſed, as even upon account of their magi. 


inconvenience 


Fig. 5. 
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tude to render the draught impoſſible. By the ule 
{mall wheels whoſe axles lie below the level of th 
horſe's cheſt, 2 has been made againſt th: 

aſt mentioned, and the loſs of for 
(which by reaſon of the roughneſs and inequalitis 
of roads cannot wholly be avoided) has been re 
dered as little as poſſible, and made to obtain chief 
ly in level ſmooth roads, where there is leaſt oc 


ſion for the whole force; whereas upon aſcents, and 


in paſſing over obſtacles in rough roads, where the 
ſtreſs is greateſt, there little of the force is 4%; fo 
the proof of which, let the wheel be of ſuch a ſize 
that it's axle A may be below the horſe's breaſt at}, 
and let AB, as before, denote the force of the hor; 
if the wheel be drawn along a ſmooth level roads 
EF, CB will expreſs that part of the force which 
draws the wheel along the road, and AC that par 
of the force which is imployed in lifting up ti 
wheel, which part is loſt as to the draught, but how- 
ever, is not intirely uſeleſs ; becauſe, by pulling the 
wheel directly upward, it eaſes the load, and thereby 
renders the draughtleſs difficult; though at the ſame 
time the draught is by no means as eaſy as it wou 
be, if the force of the horſe was applied at G, fo as to 


draw in the direction AG parallel to EF. If tit 


wheel inſtead of moving along a ſmooth road, be 


to paſs over the obſtacle DH, or which is the fant 


thing, if it be to be drawn up the aſcent EHL; 


and if the force of the horſe be applied at G, ſo 8 
that the direction of the draught AG may be parallel 


to EF, and conſequently, inclined to EHI; its 
maniteſt upon reſolving the force AG into tw 
forces, to wit AK and KG, whereof AK is p+ 
rallel, and KG perpendicular to EHL ; that fore 
alone which is expreſſed by AK, acts in drawing the 
wheel up EHL; whereas the force expreſſed if 
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wheel, as that the line of direction A B may be pa- 
Frallel to EH L; for then no part of the horſe's 
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Which inconveniencies are avoided where the breaſt 


of the horſe is fo far elevated above the axle of the 


force will be loſt, but the whole will be imployed 
in drawing the wheel directly over the obſtacle, or 
up the aſcent ; ſo that a leſs force will be requiſite 
to draw the wheel over the obſtacle D H in the di- 
rection AB, than in the direction AG; and this is 


weight of the carriage and load amounted to 6685 
grains, was not drawn over the little obſtacle one 
tenth of an inch in height, by leſs than 28 30 grains 
acting in an horizontal direction, it will be drawn 
over by 24.50 grains provided the direction be made 
parallel to the tangents of the wheels in thoſe points 
which touch the obſtacle ; and 1950 grains will be 
ſufficient todraw the carriage with the larger wheels 
over the ſame obſtacle, if the direction of the 
draught be made parallel to the forementioned tan- 
gents, whereas 2050 grains were neceſſary when 
the direction was parallel to the horizontal plane. 
And if the direction be ſtill farther removed from 


the paralleliſm of the tangents, which may be done 
by depreſſing it below the horizontal plane, the 
force of 2350 grains will be but juſt ſufficient 


to ſurmount the obſtacle, and draw the carriage 
over. 


Though in four wheel carriages, the contrivance of 


(mall wheels before has it's advantages, yet is it not 
intirely free from inconveniencies ; for by this means 
the load muſt of neceſſity be thrown forward, and 
a greater 
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IG a&s in preſſing the wheel directly againſt EHL, LE Sr. 
End thereby adds to the weight of the wheel; ſo. IX. 
That in this caſe, ſoine part of the horſe's force i 
} oft, and the load at the ſame time increaſed, both 


fully confirmed by experiments. For whereas the Exp. 9. 
little carriage with four wheels, each three quarters 
of an inch in diameter, being ſo loaded as that the 
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a greater ſtreſs laid on the foremoſt wheels ; whe, 


by the reſiſtance that ariſes from the friction oft 
againſt the wheels will become greater in the 
foremoſt than in the hindmoſt wheels, in proporticy 
to the greater weight which they ſuſtain, Beſidg 
as the ſpaces deſcribed by wheels in each revolutic 
are nearly equal to the peripheries of the wheez 
it is manifeſt that the foremoſt wheels muſt revoly 
oftener than the hindmoſt, in order to rid the ſame 
ground. And this frequency of turning requiſite 
in the foremoſt wheels joined to the greater ſtre 
upon them from the load, as alſo to the greater re- 
ſiſtance which they meet with from obſtacles in the 
road, is the true reaſon why they are more frequent 
ly out of order, and ſtand in need of repair much 
oftener than thoſe behind. 


LECTURE X. 


MoT1on or Bopilts DOWN INCLIWED 
PLANES, 


Leer, MI deſign in this lecture is to explain the 
X. 


chief properties of the pxNDULUM ; and 


i order thereto; I ſhall lay down the following 


Pl. 5. 
Fig ö. 


PROPOSITIONS concerning the motion of bois 
down inclined planes and curve ſurfaces. 


Prop. I. The force wherewith a body. deſcends ut 
on an inclined plane, as AC, is to the abſolute force i 
gravity wherewith the ſame body falls freely and perptt 
dicularly, as the height of the plane to the length thett 
of, that is, as AB to AC. 


For it has been proved, that the force requilit 


to ſuſtain a body upon an inclined plane, is 74 
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5 endeavours to deſtend upon an inclined plane, muſt 


1 


be equal to the force which is neceſſary to ſupport ww 


it upon that plane; conſequently, the propoſition is 
true. e eee eee 
* Conor, I. Hence it follows, that the motion 
of a body deſcending on an inclined plane is uni- 
formly accelerated; for ſince the force Which carfits 
$a body down an inclined plane, has every where, 
and in all parts of the plane the fame proportion to 
the abſolute weight of the body, and. ſince the ab- 
ſolute weight remains unvaried, the other force 
© muſt do ſo too; conſequently, as it acts inceffantly 
in equal times, it makes equal impreſſions on the 
deſcending body, fo as to generate equal degrees bf 
velocity in the motion thereof; that is, in other 
words, the motion of a body deſcending on an in- 
clined plane is uniformly accelerated. | 
* Conor. II. On account of this uniform acce- 
tration of the motion, the times of deſcending, as 
alſo the velocities acquired at the end of the deſcent, 
rare as the ſquare roots of the ſpaces deſcribed, as in 
the caſe of bodies falling freely; that is to ſay, the 
time wherein a body deſcends upon the inclined 
the plane from A to D, is to the time of the deſcent, 
and from A to C, as the ſquare root of AD, to the 
ſquare root of AC; and the velocity of the body 
hen it has deſcended as far as D, 1s to the velocity 
thereof hen it arrives at C in the ſame proportion 


of the root of AD to the root of AC. 
Y | Ty 


> WW 30 I” - Go IS. Ix; Le Oo 


q 1 

* = Proe, II. The velocity acquired in any given 
. ne H body defending on an inclined Plane, is to the 
„en. Velcity acquired in the ſame time by a body falling free- 


and perpendicularly, as the height of the plane to it's 
length, that is, as AB to AC. 


| For, by the firſt corollary of the foregoing propu- 
uin, the motion of a body down an inclined plane 
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plane to it's length; but the force wherewith a body Tak 
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Le e r. is uniformly accelerated, in the ſame manner az tl a bo 
X. motion of a body falling freely ; conſequently, , Þnſeq 
＋ t the end of any given time, the velocities acquirsy WW dy ta 
| muſt be as the accelerating forces; but by the fore. WY the f 
1 going propoſition, the accelerating force of a bo, (Co 
| moving down an inclined plane as AC, is to the bed 
accelerating force of a body falling freely and pr. em. 
ndicularly, as the height of the plane to it' er AB, 
Eat and therefore the velocities acquired inary We” C, th 
given time muſt be in the ſame proportion. rough 
lane, \ 
Prop. III. The ſpaces deſcribed in a given tin in th 
by two bodies moving from a ſtate of reſt, whereof m WADB ir 
deſcends on an inclined plane, and the other falls fret, I br the | 
are in the ſame ratio of the height of the plane to i Witinuing | 
length; that is, the ſpace deſcribed by a body min b as the 
along A C, is to the ſpace deſcribed by a body fallin Wictermi: 
down the perpendicular A B, as A B % AC. Moves a 
dody's f 
For where the motions are equable, the ſpaces de 5 — 
ſcribed in a given time, are as the velocities when Wigircle A 
with they are deſcribed; if therefore the velocitis N eſcribec 
| be increaſed in a conſtant uniform manner, the ſpacs N ircle A] 
deſcribed will likewiſe increaſe in the ſame manner; Vtawn tl 
but by the ſecond propoſition, the velocities are ag: d AE 
mented in ſuch a manner as in a given time to ben alle] the 
the ſame proportion to one another, as the heigt body f. 
of the plane does to it's length; conſequently, tle Wher it d 
ſpaces deſcribed in a given time muſt be in that W In the ſay 
proportion. Fircle; © 
Cool. I. If from B, the line BD be dam ill be d 
perpendicular to AC, AD vill be the ſpace deſcribet Nong the 
by a body moving down the plane AC, in te 
- -- ſame time that a body falls freely down the heigit WWF Paor. 
of the plane from A to B. ir Wrclined 7 
For, from the nature of ſimilar triangles, ny 0 free 
is to AB, as AB to AD; but by the propoſition, & Birth of 
AC is to AB, ſo is the ſpace deſcribed in 2 £''"" Br a; ;}, 


time by a body falling freely, to the ſpace a 


# own INCLINED PLANES. tst 
va body deſcending upon the inclined plane AC; LR Or. 
nſequently, ſince AB 1s the ſpace deſcribed by the X. 
body falling freely, AD muſt be the ſpace deſcribed wy 
© the ſame time by a body deſcending along AC, 
© Coror, II. All the chords of a circle are de- 
&ribed in the ſame time by bodies running down 
r Sm. For if a circle be deſcribed with the diame- 
' Wt: AB, which is the height of the inclined plane Pl. 5. 
c. the point D, which determines the ſpace AD Fig. 7. 
hrough which a body deſcends upon the inclined 
lane, whilſt another falls freely from A to B, will 
„be in the periphery of the circle, becauſe the angle 
ADB in the ſemicircle 1s always a right one; and 
bor the ſame reaſon, if the height of the plane con- 
tinuing the ſame, the inclination thereof be varied, 
p as that it may become AG, the point E which 
getermines the ſpace AE, through which a body 
Moves along the plane AG, during the time of a 
body's fall from A to B, will likewiſe be in the 
periphery of the circle ; conſequently, in the ſemi- 
re. ircle ADB all the chords as AD and AE will be 
1es eſcribed in the ſame time; and as in the ſemi- 
cs ircle AFB, whatever chords as BF and BH are 
nan through the point B, other, chords as AD 
,d AE may be drawn in the other ſemicircle pa- 
ca alle! thereto and equal; it follows, that whether 
body falls freely down the diameter AB, or whe- vis 
the der it deſcends along a chord as HB or FB, it will | 
hat n the ſame time arrive at the loweſt point of the 
Circle; or in other words, all the chords of a circle 


ill be deſcribed in equal times by bodies running 
by Nong them. | 
the WE 


L PRoP, IV. The time wherein a body moves down an Pl. 6; 
Wnciined plane as AC, is to the time wherein a body Fig, 6. 


* Walls freely down AB the height of the plane, as the 
' WF <5 tbe ſpaces deſcribed. 
| | For 


eth of the plane to it's height, that is, the times ] 
| 
| 
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L zor. For by the ſecond Corol. of the firſt Pr Ac, 
X. time of a body's motion along the inclined pu e tim 
from A to C, is to the time of it's motion fron M rces 1 
to D, as the ſquare root of AC to the ſquare Motions 
of AD; but by the ſecond Corel. of the themes th 

Prop. the time of a body's motion along the e end 

clined plane from A to D, is equal to the tim: Mult be 

the fall from A to B; and therefore the tim: f AC, 
the motion along the plane from A to C, is uu l fron 
time of the perpendicular fall from A to B, «fc bod) 
ſquare root of AC, to the ſquare root of Me; bu 

that is, becauſe from the ſimilarity of trau to B, 

AC, AB, and AD are in continued proportion, kes to 

AC to AB, or as the length of the plane to nting 

height. potion 

Coror. Hence it follows, that if ſeveral he acce 

clined planes have equal altitudes, the times wr ring 1! 

in thoſe planes are defcribed by bodies run act ty 

down them, are to one another as the lengths « uce 

the planes. Coo 

Pl. 5. For the time of the deſcent along AC, is u red b 
Fig. 7. time of the fall down AB, as AC to AB, and ua wh 
time of the fall down AB, is to the time of the For, 

ſcent along AG, as AB to AG; conſequently, is <q! 

time of the deſcent from A to C, is to the time! to B, 

the deſcent from A to G, as AC to AG, that vom A 

the times are as the lengths of the planes. In _ 

| ual, 
Pl. 5. Prop. V. The velocity acquired at the end, ? 

Fig.6. fall, by a body falling down the perpendicular li Pror 


the inclined plane, from A to C. 


body falling freely from A to B, is to the ach 
ting force of a body moving along the plant 14 
as AC to AB; and by the fourth Prop. as 43 N. 


of an inclined plane as AB, is equal to the velbcihs 
quired at the end of the deſcent by a body moving i 


For by the firſt Prop. the accelerating force d 


L 
2 
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& AC, ſo is the time of the fall from A to B, to LER or, 
Je time of the deſcent from A to C; ſo that the X. 
ces which accelerate the bodies during their 


Wotions, are to one another, reciprocally as the 
Ines that they continue to act; conſequently, at 
e end of thoſe times, the velocities generated 
Buſt be equal. For inſtance, if AB be one half 
Ac, the force which accelerates the body in it's 

Il from A to B, is to the force which accelerates 
e body in it's deſcent from A to C, as two to 
pe; but the time that a body takes to fall from 

to B, is but one half of the time that a body 
Res to deſcend from A to C; fo that the acce- 
trating force which acts upon the body during it's 
potion from A to C, though it be but one half of 
e accelerating force which acts upon the body 
ring it's fall from A to B, yet does it continue 
act twice as long; and therefore muſt in the end 
uce the ſame velocity. 
Conor. Hence it follows, that the velocities ac- 
pred by bodies in falling down inclined planes, are 
Dual where the heights of the planes are cqual. 
For, the velocity acquired in falling from A to Pl. g, 


to B, as is alſo the velocity acquired in falling 


am A to G; conſequently, the velocittes acquired 


5 falling from A to C, and from A to G, are 
Aual. 


" 4 Prop. VI. If @ body deſcends along ſeveral conti- Pl. 5. 
ous planes as AB, BC, and CD, the velocity which Fig. 9. 


{ acquires in it's deſcent from A to D, is equal to the 
Nlocit) acquired by the perpendicular fall from H to 
eon ſuppoſition that the body is not retarded by the 
it ſuffers in the angles B and C. 


For drawing the horizontal lines HE and DF 
rough the points A and D, and producing the 
Planes CB and DC as far as G and E; by the 
. L 2 Corol. 


is equal to the velocity acquired in falling from Fig: 7. 


— 
2 — ß re. r * 
—_ o — &s —— — 2 
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Fig. 9. 


. 
Fig. 10. 
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LE cT. Corol. of the laſt Propgſition, the ſame velocity j 
X. acquired in the point B, by a body in deſcendiy 
from A to B, as in deſcending from G to B; 


ſequently, the ſame velocity is acquired in tt. 


point C, by a body deſcending from A through} 
to C, as in deſcending from G to C; but by r 
ſame Corollary, the velocity acquired in deſcenci MM 


from G to C, is equal to the velocity acquired | 
deſcending from E to C; wherefore, the veloy 
in the point D, acquired by the deſcent along th 


three planes AB, BC, and CD, is equal to then. i 
locity acquired by the deſcent from E to D, whic 


velocity by the foregoing Propg/ition, is equal i 


the velocity acquired by the perpendicular fall fron 


H to D. 

Coror. Hence it follows, that if a body deſcent 
along the arch of a circle as AB or of any oth 
curve, the velocity acquired at the end of the & 
ſcent, is equal to the velocity acquired by fallng 
down CB, the perpendicular height of the arch. 

For curves may be looked upon as compoſed d 
an infinite number of right lines inclined one t 


another. 


Proy. VII. If two planes as AB and BD jam 
together at B, have equal degrees of elevation vi 
two other planes as FF and FH joined together eit 
and if AB be to EF as BD to FH; the time ii 
body's fall deton the planes ABD, will be to the in 


of the fall down EFH, as the ſquare root of Ab mn 


BD taken together, to the ſquare root of EF and FB 
taken together. | 


Let AB and EF be produced till BC becom 
equal to BD, and FG equal to FH. Since AB 50 
BC, as EF to FG, AB is to AC, as FF to EG: 
and ſince thoſe four quantities AB, AC, EF, andEb 
are proportional, their ſquare roots will be ſo to 


Again, ſince the planes AC and EG * equi 
Van 


. 
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om A to C, is to the time of the fall from E to 


F. as the ſquare root of AC to the ſquare root of 
EG, or as the ſquare root of AB to the ſquare root 
FS EF; but the time of a body's fall from A to 
is to the time of the fall from E to F, as the 


quare root of AB to the ſquare root of EF; fo 
hat the time of the fall from A to C, is to the 
me of the fall from E to G, in the ſame proportion 
of the time of the fall from A to B, to the time 
bf the fall from E to F; conſequently, the time of 
he fall from B to C, ſuppoſing the motion to begin 
rom A, mult be to the time of the fall from F to 
b, ſuppoling the motion to begin from E, in the 
me proportion of the root of AB to the root of EE; 
the bodies after their fall from A to B and from 
; to F, inſtead of moving along BC and FG con- 
nue their motions along BD and FH, ſince thoſe 
10 planes are equally inclined to AB and EF, and 
nce BD 1s equal to BC, and FH equal to FG, 


Fhatever proportion the time of the body's motion 


long BD bears to the time of it's motion along BC, 
the ſame will the time of the motion along FH 
ar to the time of the motion along FG ; but it 
been already proved, that the time of the mo- 
jon along BC, is to the time of the motion along 
G, as the ſquare root of AB to the ſquare root of 


Wt; wherefore, the time of the motion along BD, 


o the time along FH, as the ſquare root of AB to 
* quare root of E, that is, in the ſame proportion 


ch the time along AB to the time along EF; and 
Wicrctore, the ſums of thoſe times will be in the 
ue proportion; that is to ſay, the time of the 
Wotion along AB, added to the time of the motion 
Nong BD, is to the time of the motion along EF, 
; ded to the time of the motion along FH, as the 
are root of AB to the ſquare root of EF; but 
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evated, they may be looked upon as parts of one LE c T, 
Ind the ſame plane, and therefore, by the ſecond X. 
Er. of the firſt Prop. the time of a body's fal 
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Lic er. it has been proved, that the ſquare root of AR, | 
X. to the ſquare root of EF, as the ſquare roy 
232 and BD taken together, to the ſquare root q 
EF and FH taken together; and therefore, t. 
time of a body's fall from A through B to D,; 
to the time of the fall from E through F to H, , 
the ſquare root of ABD to the ſquare root of EFF 
which was to be proved. And what has been thy 
roved with regard to two planes on each fide, i; 
in like manner demonſtrable with regard to any nun. 
ber of planes, provided thoſe on one fide be proper 
tional to thoſe on the other, and that the correſpond. 
ing planes have equal degrees of elevation. 

CoRor. Hence it follows, that if bodies deſcend 
through the arches of circles, the times of deſcribing 
ſimilar arches ſimilarly poſited, are as the ſquare 
roots of the arches. For inſtance, if bodies mor: 
down the ſimilar arches AB and CD, which ar 
ſimilarly poſited with regard to the horizon 
plane ED, the time of deſcribing AB, 1s to the 
time of deſcribing CD, as the ſquare root of A} 
to the ſquare root of CD. 

For all circles whatever may be conſidered s 
ſimilar polygons, conſiſting of an indefinite num. 
ber of tides indefinitely ſmall ; and therefore, ſim! 
lar arches muſt conſiſt of an equal number of fide 
proportional the one to the „ and foraſmuc 
as the angles which thoſe ſides contain are equi, 
the arches be ſimilarly poſited, the correſponding 
ſides in each arch muſt have equal degrees of c. 
vation; and conſequently, the times of deſcribi 
the arches will be as their ſquare roots. 

In my lecture upon gravity, I ſhewed you, tix 


Pl. 5; 
Fig. 11. 


if a body be thrown directly upward, it will niet. 
the ſame height whence, if it fell from a ſtated 


reſt, it would by the end of the fall acquire the lan: 
velocity wherewith it is thrown up; I likewi 
ſhewed you, that the time of the riſe is equal 


that of the fall, I now fay, Prot 
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ter they aſcend upon inclined planes or along the arch 


F curves. 


gecauſe the ſame forces which accelerate the mo- 
Sons of bodies deſcending, on ſuch planes or curves, 
o in the very ſame manner retard the motions of 

ch bodies as aſcend thereon; and therefore, what- 


er be the time requiſite for a body to deſcend 


pon an inclined plane or through the arch of a 
Eurve, in order to acquire any velocity, the ſame 

uſt the time be, wherein that velocity is deſtroyed 
In a body aſcending upon the ſame plane or curve; 
nd whatever be the length of the plane or curve, 
trough which a body deſcends in order to acquire 


gay velocity, the ſame muſt the length of the plane 


yr curve be, through which it mult aſcend in order 
p have that velocity deſtroyed. 

| CoroL. Hence it follows, that if by any con- 
trivance a body be made to deſcend through the 


arch of a circle as from C to A, and with the velo- pl. ;. 
gity acquired by the deſcent to aſcend along the Fig. 12. 


uch AD of the ſame circle, the arch AD which it 

geſcribes in it's aſcent, will be equal to the arch 
A deſcribed in the deſcent; and the times in 

rhich thoſe arches are deſcribed will be equal. 

1 And this is the caſe of the PxexbuLum; which 
þ a heavy body as A, hanging by a ſmall cord as 


BA, and moveable therewith about the point B, to 


Þlich the cord is fixed. If when the cord is ſtretch- Exp. 1. 
the weight be raiſed as high as C, and thence let 
ll, it will by it's own gravity deſcend through the 


Circular arch CA ; and by the Corol. of the ſixth 


*s it will have che ſame velocity in the point A, 
Wit a body would acquire in falling perpendicular- 


Y from E to A; and, by the firſt Law OF NaA- 


Pon, it will endeavour to go off with that velo- 
ity in the tangent AF; but being by the force of 


L 4 ©.” me 
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8 Prop. VIII. That the ſame things do likewiſe ob- Ls c T, 
in with regard to bodies thrown up obliquely, whe- X. 


is 


LEcT: 
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the chord made to move in the periphery Ci 
it will riſe through the arch AD as high a; 1 MiGkewil 
where loſing all it's velocity, it will be turned bx; mes v 
by it's gravity, and deſcending through the ay {Mnequa 
DA, will, upon it's arrival at A, haye the u med 
velocity as before, with which it will aſcend eo n equa 
and thus it will continue it's motion forward Mime, f 
backward along the curve CAD, which motic ; M&rches, 
called an oſcillatory or vibratory motion; and eber; 2 


Iycches ( 


ſwing from C to D, as alſo from D to C, is call&Fichou 
a vibration; and if the pendulum ſuffered no n Nuring 
tardation 1n it's motion Fork the reſiſtance of H If a 
air, nor from the friction of the chord againſt H r arcl 


center about which it moves, the arches deſcrihx 
in each vibration would be exactly equal, and th 
motion of the pendulum would continue for cr. 
but whereas the motion of the pendulum is co 
tinually retarded by the forementioned cauſes, th 
arches deſcribed in each vibration muſt grow | 
and leſs continually, and at laſt vaniſh together 
with the motion of the pendulum. 

The vibrations of one and the ſame pendulunthe vel: 
vibrating in unequal circular arches, are performe the ſut 
very nearly in equal times, provided the arches in my 
but ſmall. Thus, in the pendulum AB, the vibe the nat 
tion through the arch CAD, is performed vey continu 
nearly in the ſame time wherein the pendulum reaſon, 
brates through the arch EAF, on ſuppoſition u, is t. 
the arches CA and EA are but ſmall. S WEL 

For, drawing the chords CA and AD, as aquired 
EA and AF, maſmuch as the arches are ſuppoi" quired 
to be ſmall, they will not differ much either ey the 
length or declivity from their reſpective chan fallir 
conſequently, the times of deſcribing the arciquired 
CA and EA, by a heavy body running alovFacquire 


acquire 
A, is a 
it's def 
Weſcenc 
In it's 

the che 
Por, 


the vel 


them, will be nearly equal to the times of deſert city acc 
ing the chords; but by the ſecond Corol. of the vel, 
third Prop. the times of deſcribing the chords CA, ist 
equal; wherefore the times of deſcribing 10 W the arc 


arches 
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nes CA and EA, mult be nearly equal; and ſo LE Cr. 0 
; 1 MSFlewiſe muſt the double of thoſe times, or the X. 1. 


bac mes wherein the pendulum vibrates through tb 
ar Snequal arches CAD and EAF. And this is con- 


ſn: irmed by experiment. For if two pendulums of Exp. 2. 
o(; n equal length, be ſet going at the fame inſtant of 

m ime, ſo as to vibrate through ſmall but unequal 

0 ; Irches, they will for a long time keep pace toge- 
ber; and continue to begin and end their ſwings 

ale Svichout any ſenſible difference as to point of time, 

on guring a great number of vibrations. 

f the If a pendulum as BA, vibrates through the circu- PL 5. 
te ar arches CAD and EAF, the velocity which it Fig 14- 


ri cquires by that time it arrives at the loweſt point 
d A, is as the chord of the arch which it deſcribes in 
cr it's deſcent ; that is, the velocity which it acquires in 
co deſcending from C to A, is to the velocity acquired 
„ tte in it's deſcent from E to A, as the chord CA to 
w {the chord EA. 
rh BE For, drawing the horizontal lines EK and CH, 

the velocity acquired in falling from H to A, is to 
lulun che velocity acquired in falling from G to A, in 
mei the ſubduplicate ratio of HA to GA, as I proved 
cs in my lecture upon gravity ; that is, becaufe, from 
vibe the nature of the circle HA, CA, and GA, are in 
continued proportion, as CA to GA; for the ſame 
reaſon, the velocity acquired in falling from G to 
A, is to the velocity acquired in falling from K to 
A, as GA to EA, conſequently, the velocity ac- 


$ 108Wquired in falling from H to A, is to the velocity ac- 
pole quired in falling from K to A, as CA to EA; but 
oy the Corel. of the ſixth Prop. the velocity acquired 
zor n falling from II to A, is equal to the velocity ac- 
acne quired in the deſcent from C to A, and the veloci 


ace acquired in falling from K to A, is equal to the velo- 

aui city acquired in the deſcent from E to A; wherefore, , 
f le velocity acquired in deſcending through the arch 7 
05A. is tothe velocity acquired in deſcending through Fl 
g 10 W ihe arch EA, as the chord CA to the chord EA. | | 
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LE. Hence it appears, that if the arch of a circle when. * 


X. in a pendulum vibrates, be ſo divided in the pong Jul 
yy 1,2, 3, 4. and ſo on, beginning from the loye! nw 


point A, as that the chords drawn from A to th 


. = * er | 
ſeveral points of diviſion, may be to one another, * 


as thoſe numbers, the velocities acquired by a pe. 2 
dulum in the loweſt point A, when let fall ſucc:{ * an 
ſively from the ſeveral points of diviſion, will h erde 
as the numbers affixed to the reſpective points; au » 
it was upon this account, that in the experimen; il um ge 
relating to the colliſion of bodies, the balls wa- erſorn 
conſtantly let fall from ſuch heights, as that ti, m. is 
chords of the arches which they deſcribed in thir Wi. hen 
deſcent, might be to one another in the fame pr. WF, 0 th 
portion with the velocities wherewith the balls we hien c 
ſuppoſed to meet at the loweſt point. bulums 
The times wherein pendulums of unequal lengits Wiyibrate: 
vibrating in ſimilar arches, perform their vibration, Whro 9.7 
are to one another, as the ſquare roots of thr erforn 
lengths; for inſtance, the time wherein the pendu * 
lum BA vibrates through the arch FG, is to the time | 
wherein the pendulum BC vibratesthrough the arch 
DE ſimilar to FG, as the ſquare root of BA to ti: W Length 
{quare root of BC. lum 
For, by the Corel. of the ſeventh Prop. ſince tie WW 
arches FA and DC are ſimilar and ſimilarly poſitec, WF 
the time of the deſcent through FA, is to the tin: The 
of the deſcent through DC, as the ſquare root of FA, Mttered 
to the ſquare root of DC ; but by rhe Coro! of tir N gravity 
eighth Prop. the time of the deſcent through EA, WW of m. 
is one half of the time of the vibration from F Wt: all 
G, and the time of the deſcent through DC, is on: y the f. 
half of the time of the vibration from D to E, erefor 
conſequently, the time of the vibration through Fe ſam 
is to the time of the vibration through DE, me, „ 
the ſquare root of FA, to the ſquare root d eight; 
DC; that is, becauſe the arches FA and De erperim 
are ſimilar, as the ſquare root of BA to t o th; 
{quare root of BC, that is, the times of the vin lengt 


tions 


Or Tye PENDULUM. 


161 | 

r*. bons are as the ſquare roots of the lengths of the LE r. 5 
5 bdendulums. And foraſmuch as the times wherein X. 0 
el ndulums perform their vibrations, are to one an.. | 
1 ther inverſly as the number of vibrations per- 
, rmed in a given time; the numbers of vibrations 0 
Kn- erformed by pendulums in a given time, are to 
©<!- Wine another inverſly as the ſquare roots of the lengths 
ot che pendulums. For inſtance, if the length of 
ani Withe pendulum BA, be to the length of the pendu- 
i» Whom BC, as one to 4, the number of vibrations 
_ erformed in any given time by the ſhorter pendu- 
„m, is to the number of vibrations performed in 
der tte ſame time by the longer, as the ſquare root of 
to the ſquare root of one, that is, as two to one: 
' Which caſe is experimentally confirmed by two poni- 

gulums, whereof the longer being 39.125 inches, Exp. 3. 
vis Vibrates in one ſecond of time; and the ſhorter He- 
ons, ing 9.781 inches, vibrates in half a ſecond, and 
nr Wpcrforms two vibrations in the ſame time that the 
nou hes performs one. 
= —_— A 
arc | 39.125 Halley 
) the Length of a pendu- ny 2d. 5 8 

| ibrati ; 781 Hall 
11 Ty, oY inis 2d. Thos Neon 
ited, 
dune The time of a pendulum's vibration is no 
£2, Itered by varying the weight thereof; for ſince the 
f the gravity of every body is proportional to it's quanti- 
„ y of matter, as I proved in my lecture upon gravi- 
Fu, all bodies in the ſame circumſtances are moved | 
* 0" WP) the force of gravity with the ſame velocity; and i 
 E; Wiibcrefore, if the length of a pendulum continues | 
Fo. ie ſame, it will perform it's vibrations in the ſame 
„ me, whatever be the magnitude of the appending 
pt df eight; which may be confirmed by the following 1.6 
De periment. Let wo unequal weights be hung by 1 1 
0 the No threads fo as to conſtitute two pendulums equal i | 
12 In length, and let them at the ſame inſtant of time 1 


3 fall 


9 = — 
1 4 
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LES r. fall from equal heights, they will keep pace tOge. 


X. ther ſo as to perform their vibrations in equal ting, 


In the foregoing part of this lecture I ſheys 
you, that the vibrations of one and the ſame yer. 
dulum, vibrating through unequal but ſmall circyl; 
arches, are performed in times that are very near, 
but not preciſely, equal. Whence it follows, thy 
however uſeful ſuch a pendulum may be in me 
ſuring time where great exactneſs is not requiſt 
yet can it by no means be admitted as an accura: 
meaſure of time, unleſs by ſome contrivance it b 
made to perform all it's vibrations in equal arches, 
which, conſidering the unavoidable imperfſectios 
of all machines, is extremely difficult, if not in. 
poſſible; for it has been found by experience, thu 
the beſt regulated pendulum clocks, wherein th: 
greateſt care has been taken to make the pendulun: 
vibrate in equal arches, have notwithſtanding vi 
ried in a courle of time, fo as to ſtand in necd of 
new regulation, which they could not poſlibly d 
in caſe the pendulums, whereon the regularity of 
all the other movements depends, continued cor: 
ſtantly to vibrate in equal arches. 

In order therefore to obtain an exact unerring 
meaſure of time, it is neceſſary to make a pendu- 
lum vibrate in ſuch a manner, as that all it's (wings, 
whether they be through larger or ſmaller arches, 
may be performed in times exactly equal; and th 
may be done by making a pendulum vibrate inthe 
curye of a cycloid, as I ſhall now demonſtrate; 
but I ſhall firſt ſhew you the manner wherein that 


curve is generated, and what it's chief properti 


are, as alſo by what contrivance a pendulum 
made to vibrate in ſuch a curve. 

If a circle as CE F, which touches the right 
line AB in the point C, be moved along that le 
in the manner of a wheel from C to D, ſo # 0 
perform an intire revolution ; the point C will 
virtue of it's double motion deſcribe the curve lie 
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Io, which curve line is called a ꝙcloid; and the LE Or. 
cht line CD is called the Za/e, the line IK perpen- X. | 
dicular to the baſe at it's middle point is called tage. 
arif of the cycloid, and the point I the vertex, and [ 
the circle CEF or KLI is called the generating L 
circle. 5 
* From any point in the cycloid as H, let a right 
line as HL, be drawn parallel to the baſe CD, and 
continued till it meets the generating circle KLI, 
" deſcribed about the axis IK ; and let the line HM 
touch the cycloid in the point H; this being done, 
the chief properties of the cycloid are theſe three. (4 
* Firſt, the arch IPL of the generating circle, 
intercepted between the vertex of the cycloid and 
the the point L, wherein the right line HL meets the 
generating circle, is equal in length to the right 
ine HL. 
: Secondly, The chord IL of the circular arch 
1; IL, is parallel to the right line MH, which 
5 touches the cycloid in the point H. 
on. WW Thirdly, the cycloidal arch IH intercepted be- 

tween the vertex and the point H, is double the 
ine chord II.. 


. The demonſtrations of theſe properties may be 
cen in Huycens, WarLLis, Cortes, and others 
who have wrote of the cycloid. 

i; The contrivance whereby a pendulum is made to 


the Vvibrate in the curve of a cycloid, is thus. A cy- 
ate; Wo cloid as AVB, being deſcribed on the baſe AB, pi. 5. 
that let the axis VD be produced towards C, till DC Fig. 17. 
is becomes equal to V; through the points C and A, i 
nad C and B, let two ſemi-cycloids CA and CB be 10 
drawn, each equal to half of AVE, their vertices | 
igt deing at A and B; if then we ſuppoſe CA and CB 
line o be two plates of ſome breadth, and an heavy 
; ov i body to hang from the point C by a ſtring equal in 
| 5 length to CV, and to vibrate between the plates 
cà and CB, the upper part of the ſtring will con- 
ſtantly 
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LI c r. ſtantly apply it ſelf to that plate towards which th. 
X. body moves, and by fo doing cauſe it to mov: | 
the cycloid AVB, as has been proved by Huy, 
the author of this contrivance; and likewiſ: i, 

Cors in his treatiſe de motu pendulorum, where is 

has delivered the whole doctrine of pendulurn; i 

four Tu OR EuSs, which I ſhall here lay down an, 


explain. 
THeoremM I. If a pendulum vibrating in ag 


PI. 5. 

Fig. 17. cloid as BVA, begins it's motion downward ic 
V, from any point taken at pleaſure as L, and if u the vel 
à radius as VI, equal in length to the cycloida! m Woot of 
VL, a circle be deſcribed ; the velocities of the de ſai 
lum in the ſeveral points of the cycloidal arch, «ll H be cyc 
as the right fines in the circle which are raiſed from th March V 
correſponding points in the radius; for inſtance, if n Wheref 
the radius LM be taken equal to LM in the qc VL. ſai 
and from the point M in the radius correſponding io th M ocity « 
point M in the cycloid, be raiſed the right fine MX, the fo 
velocity of the pendulum in the point M, after it lu N VL 
deſcended from L, will be as the fine MX. arches 
V L ar 
For the proof of which, from the points L an! the nat 
M in the cycloid, let the right lines LOR aid betwee 
Ms be drawn perpendicular to the axis, cutting nd th 
the generating circle in O and Q, from whence 0 MX; 
the vertex, let the right lines OV and QV i be po! 
drawn. By the Corol. of the ſixth Prop. the vil that is, 
city which the pendulum acquires in deſcending And w 
along the cycloid from L to M, is equal to the . Velocit 
locity acquired by a body in falling perpendiculaiy WWſrable 
from R to S; but the velocity which a boy point? 
quires in falling perpendicularly, is in the (uo NI rai 
Plicate ratio of the ſpace deſcribed, as I prove!  Wiſipondi 
my lecture upon gravity ; conſequently, the ve WiMvelocit 
city acquired by the pendulum in it's deſcent oe in! 
.L to M, may be expreſſed by the ſquare ro! ht f 
T 25 Rdz - pon 
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s; but RS, being equal to the difference be- LE cr, 


een RV and SV, the velocity in the point M X. 


ay be expreſſed by the ſquare root of the difference. 


tween RV and SV; or, becaufe RV multiplied 
Eto the axis DV, is to SV multiplied into the ſame 
DV, as RV to SV, the velocity may be expreſſed 
y the ſquate root of the difference between the 
product of RVxDV and SVxDV ; but from the 
hature of the circle, the product of RVxDV is 
equal to the ſquare of VO; and the product of 
$\xDV is equal to the ſquare of VQ ; wherefore, 
the velocity at M may be expreſſed by the ſquare 
Foot of the difference between the ſquare of VO and 
the ſquare of VQ 3 but, by the third property of 


the cycloid, VO is equal to one half of the cycloidal 


arch V L, and V Q to one half of the arch VM; 
Wherefore, as VO ſquare, is to V Q ſquare, ſo is 


VL. ſquare, to VM ſquare ; conſequently, the velo- 


Jocity of the pendulum at M may be expreſſed by 
the — root of the difference between the ſquare 


ef VL and the ſquare of VM; but the cycloidal 


arches VL and V M are by ſuppoſition equal to 
VLand VM in the radius of the circle; and, from 
the nature of a right-angled triangle, the difference 


between the ſquare of VX, which is equal to VL, 


and the ſquare of VM, is equal to the ſquare of 


MX; wherefore, the velocity of the pendulum at 


the point M, is as the ſquare root of MX ſquare, 
that is, as MX, as was aſſerted in the Theorem. 


And what has been thus proved with regard to the 
Neelocity at the point M, is in like manner demon- 
ſtrable with regard to the velocity at any other 
point as N; namely, that it is as the right ſine 
N raiſed from the 
Wiponding to the point N in the cycloid; ſo that the 
JVclocities of a pendulum deſcending in a cycloid, 
are in the ſeveral points of the cycloidal arch, as the 
ungut ſines in a circle which are raiſed from the cor- 
eſponding points of the radius, the radius being 


int N in the radius corre- 


equal 
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L z r. equat in length to the cycloidal arch intercepted}, 
X. tween the vertex and that point from which t 
— —¾ 


ndulum begins it's motion. Thus VM and vy 
in the radius, of the circle, being taken equa] y 
VM and VN in the cycloid, fo as that the pin 
M. N, V, in the radius, may correſpond to th; 
points M, N, V, in the cycloid, the velocitic d 
the pendulum in thoſe points are to one another, x 
the fines MX, NY, and VZ, the radius VZ g 
preſſing the greateſt velocity at the vertex V. 


TnrtorEM II. If a body be ſuppoſed to move in. 
formly in the curve of the circle, with a velocity equi 
to the velocity acquired by the pendulum in it's deli 
from L to V, which velocity is, as was juſt wn 
ſhewn, expreſſed by the radius VZ; any arch of th 
circle as XY taken at pleaſure, will be deſcribed by th 
body moving along it in the forementioned manner, i 
the ſame time that the pendulum, which begins it's nt 
tion from the point L in the cycloid, deſcribes the q 
cloidal arch MN, correſponding to and equal in legit 
to MN, that part of the radius, which lies between il 
fines MX and NY, which terminate at the extremiit 


of the circular arch XY. 


Let the fine FG H, be drawn indefinitely nex 
to the fine MX, and let XG be drawn parallel 
MF; and let MF in the cycloid be equal to Mt u 

the radius of the circle. By the foregoing Ie 
the velocity of the pendulum in the point M, 6% 
MMX; and therefore, ſince F is ſuppoſed to be i. 
definitely near to M, the little cycloidal arch Mt 
equal to MF in the radius, is to be looked upons 
deſcribed by the pendulum with a velocity which 
as MX; and the little circular arch XI, is 
ſuppoſition deſcribed with a velocity which 1s U 
VZ, equal to VX; and the triangles MX a 
GXH being ſimilar, inaſmuch as the angles at 
and G are right ones, and the angle MXV qa 
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r them to a right one; XII is to XG equal to 


MF, as VX or VZ to MX; that is, XH and M 


Ire to one another, as the velocities wherewith the 

Ire deſcribed; conſequently, they mult be deſcribed 
in the ſame time. And what has been thus demon- 
rated of MF and XII, is in like manner demon- 
ſtrable of the ſeveral correſponding parts in the cy- 
kloidal arch MN, and circular arch XI; conſe- 
quently, the whole cycloidal arch MN, will be de- 
ſcribed by the pendulum in the ſame time, that the 
circular arch XY is deſcribed by a body moving 
along it uniformly with the velocity expreſſed by 
VZ; and by the ſame way of reaſoning, the time 
bf deſcribing any other cycloldal arch as LV, is 
equal to the time of deſcribing the correſponding 
circular arch LZ. 

Cool. As a Corollary it follows, that the time 
herein a pendulum deſcribes any arch of a cy- 

cloid as MN, may be expreſſed by the correſpond- 

Ing circular arch XY. . 

For, as the motion along the curve of the circle 

Is ſuppoſed to be uniform, the time of deſcribing 

any arch as XV, muſt be as the length of the arch 

but by the Theorem, the times of deſcribing the cir- 


Ecular arch XY, and the cycloidal arch MN, are 
equal; conſequently, the time in which the pendu- 


jum deſcribes the cycloidal arch MN, 1s as the cir- 


Cular arch XY. 


| TacoreM III. The time of one intire vibration 
Va pendulum movin? in a cycloid, is to the time 
wöberein a body falls perpendicularly through a ſpace e- 
qua! in length to the axis of the cycloid, as the peripbe- 
Jy of a circle to it's diameter. 


3 All things being ſuppoſed as before, the time of Pl. 5. 
Acſeribing the ſemicircular periphery LP with the pig. 2. 


velocity 
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XH, becauſe GXV is the complement of each Le r. 
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t it has been already proved, that the time of de- 


& VZ. is to the time of deſcribing the ſemidiame- 
IL with the ſame velocity, as the periphery of 
He circle to it's diameter; and it has been likewiſe 
oved, that the time of deſcribing the ſemicircular 
po with the velocity VZ, is equal to the time of 
In intire vibration of the pendulum ; conſequently, 
he time of ſuch a vibration is, to the time of the 
Ell down the axis, as the periphery of the circle to 
it's diameter. 
Consol. From what has been proved it follows, 
that the time of a vibration of a pendulum moving 
p a given cycloid is given; or in other words, that 
the vibrations of ſuch a pendulum, whether they 
e in larger or ſmaller arches, are performed in 
mes exactly equal. 
For, as it has been proved, that the time of the 
Pibration which begins from the point L 1s, to the 
me of the fall down the axis, as the periphery of 
He circle deſcribed on a radius equal to the cycloidal 
ch VL, to it's diameter; it may in like manner 
e demonſtrated, that if the vibration begins from 
Wny other point as M, the time thereof will bear the 
Ame proportion to the time of the fall down the 
xs, that the periphery of a circle deſcribed on a 
adus equal in length to the cycloidal arch VM, 
Poes to it's diameter; but the ratio of the periphery 
Bo the diameter in any one circle, is the ſame with 
Hat in any other; wherefore, the times of the vi- 
rations through unequal arches, have all the ſame 
92/9, to the time of the fall down the axis, and of 
onlequence muſt be equal. 

From this equality in the times of the ſwings it 
that this kind of pendulum is preferable to ſuch 
k vibrate in circular arches, as being a more exact 
ind juſt meaſure of time; a minute of mean or 


qual time being preciſely meaſured by ſixty ſwings 
M2 of 


uu es the time of the fall down the axis DV; LI cr, 


Er ibing the ſemicircular arch LZ P with the veloci- 3 
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Lex c r. of a pendulum of this kind, whoſe length is equi 


X. 
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orered 
to three horary feet, which anſwers to 39 inches x/ Tue 
one eighth of our meaſure, according to Doc tur 
HALLEV; or to 39 inches and one fifth, accon ur a 
ing to Sir Isaac NewrTox ; and now that | he fun” 
mentioned mean or equal, otherwiſe called true tn, Wind it's 
it will not be 1mproper in this place, to ſhew you WS me: 
wherein it differs from that time, which by aſtro Whey we 
mers is called unequal and apparent time. Fections 
As time in it ſelf does not fall under the note Md tak 
of our ſenſes, and as the parts thereof go on in: Miican ec 
continued ſucceſſion one after another, no two x. t of 2. 
iſting together, it is 1mpoſſible to diſcover the equ. Ny eq 
lity or inequality of any two portions of time, Mtco ſixt 
an immediate compariſon of one with the other; rde, a 
and therefore, it was neceſſary for thoſe who ft Warts of 
thought of diſtinguiſhing the parts of time, to hav: WiWnong t 
recourſe to ſomething ſenſible, and of a differen Weduced 
nature from time, as a meaſure thereof. And « Mime, as 
nothing ſeems better fitted to ſerve this purpole Som th 
than ſuch natural appearances as fall under ever Med by 
man's notice, and at the ſame time have frequ In or. 
returns, it is highly probable, that in the firſt a Mine, E 
of the world, men obſerving the frequent nig Hedulu 
and ſettings of the ſun, took the one or the oh {ſattly 1 
for their firſt meaſure of time, calling that portion Hents ar 
of time which paſſed between two riſings or {cttings Num, ar 
which immediately ſucceeded each other, by tit Wit exact 
name of a day; in like manner it is rational to ſus WF no- 
poſe, that upon obſerving the frequent returns « ontinue 
the full and new moons, they made the one or tit Wor as 
other their ſecond meaſure of time, calling tl Wluycs: 


ſpace which paſſed between two ſucceſſive hc Practice 
full moons by the name of a moon or month. A my | 
Wibratior 


it is likely, that for ſome time they contented then: 


ſelves with theſe meaſures, without knowing « "ugh 
conſidering whether they were exact or not : heels o 
in proceſs of time, as men became better acquaintal Netty we 


with the motions of the heavenly bodics, they dl 
Covered 
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Jud orered ſome irregularities in the apparent motion L x c T. 
the fun, and of conſequence, an inequality in the X. 


tural days which depend on that motion; ina 


a 
” bach as the portion of time, which paſſes between 
dane ſun's departure from the plane of any meridian 
md it's next return thereunto, is not always the 
me. By conſidering the cauſcs of this inequality, 
ons Whey were led into a method of making ſuch cor- 

ections in the natural days, by adding to ſome, 
orice ad taking from others, as reduced them all to a 
nean equal length; each day being made to con- 
og. of 24 equal Hours, each of which is divided into 
017 WWTxty equal parts called minutes, and each of theſe 
„so ſixty others called ſeconds, and theſe again into 


ther, , and ſo on in a ſexageſimal progreſſion, the 
) fir Warts of each denomination being conſtantly equal 
have mong themſelves. And theſe parts of time thus 


Feduced to an equality conſtitute the mean or equal 
me, as it ſtands diſtinguiſhed by aſtronomers, 


erent 
nd & 
pole 
ever 
quent 


red by the apparent motion of the ſun. 
In order to have a conſtant meaſure of equal 


ame, Huvcens contrived a method of adapting 

ins endulums to clocks, whereby their motions are ſo 
C : — * * 

other NPaactly regulated, as that in a clock whote move- 


Nents are rightly adjuſted, the ſeconds, minutes, and 
Wours, are for ſome time pointed out with the great- 
Wit cxactneſs; I ſay, for ſome time only, becauſe 
| is not poſſible that any clock whatever ſhould 
Wontinue exactly true for a long courſe of time; 
for as the pendulums of clocks according to 
Hovorxs's firſt contrivance, and by the general 
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7 Ihe 
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tial 
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cy of ractice of clock-makers at this day, are made to 
Aol BP orate in circular arches, where the times of the 
chenr- rations are not preciſely equal, unleſs the arches 
ng "ugh which the pendulum moves be ſo too, if the 
bu becks on account of the thickening of the oil by 
aine iy weather, or from any other cauſe grow more 
y cli M 3 flluggih 


yercs 


dom the unequal or apparent time, which is mea- 
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LE o T. fluggiſh; fo as to give the weight, which in clock 


is the moving power, greater reſiſtance than x. 


Wa — cording to the firſt adjuſtment, the fuece of th 


crown-wheel upon the palates of the pendulum yil 
likewiſe be diminiſhed, and of .conſequence, th 
ndulum being thrown leſs forcibly will mot 
through ſmaller arches than before, and by ſo doing 
will meaſure out ſmaller portions of time, the tit 
of ſixty ſwings not amounting to a minute, up 
which account the clock muſt gain, and go too tif 
On the other hand, whenever the parts of the mom 
ment which rub one againſt another do, by reaſy 
of the thinning of the oil by the heat of the we 
ther, grow more ſlippery, or from their conſtant 
friction become more ſmooth, ſo as to give les: 
ſiſtance to the moving power than according to tit 
firſt adjuſtment, the crown-wheel acts more fon 
bly on the pendulum, and cauſes it to vibrate i 
larger arches, by which means the time cf exc 
{wing is inlarged, and of courſe the clock {ul 
and goes too ſlow. To remedy theſe inconn: 
niences, Hu voENS thought of a ſecond methods 
adapting pendulums to clocks, ſo as to make the 
rform their vibrations in cycloidal arches; . 
which means, though the force of the crown-wht 
upon the pendulum ſhould vary, fo as to caule 
to vibrate ſometimes in larger and ſometime | 
ſmaller arches, yet will not any variation ariſe {rd 
thence in the times of the vibrations; as 1s 
dent from the Corollary of the third Theoren; | 
that in clocks whoſe motions are governed by pt 
dulums vibrating in cycloidal arches, the irreguil 
ties ariſing from the variation of the force 0! ! 


 crown-wheel upon the pendulum are wholly avi 


ed; and yet a clock of this kind will not alwa 
go true; for as the pendulum cannot vibrate in 
curve of a cycloid, unleſs the uppermoſt pat 
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h bendicular towards either ſide, form itſelf into a LR OT. 
1. ycloidal arch; and as this cannot be done unleſs X. 

th hat part of the ſtring be made of filk, or ſome 
cher ſoft and pliable ſubſtance, which as ſuch is 
yt to imbibe the moiſture of the air; whenever 4 
mo he weather becomes remarkably moiſt, the watery 
Particles, which float in the air, will inſinuate them- 
ves into the pores of the ſtring, and by ſo doing 
auſe it to contract and ſhorten; upon which ac- 
ount, the vibrations of the pendulum will be 
uickened, as will appear from the next Theorem, 
Ind the clock will gain. So that neither a clock of 
this, nor of any other kind can go exactly true 
Vor any long courſe of time, which is a thing well 
known to clock-makers, who have frequently ex- 
perienced the beſt regulated clocks to vary in the 
Erompaſs of a few months, ſome ſeconds from the 
Equation table, ſo as to ſtand in need of a new re- 
ulation, 
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co Trzor tm IV. The times wherein pendulums pl. 6 
hodd l different lengths as CV and AB perform their vi- Fig. 17. 


e thel 
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Prabions, are to one another in the ſame proportion with 18. 
Ve ſquare roots of the lengths of the pendulums. 


For, by the third Theorem, the time wherein the pl. * 
pendulum CV performs it's vibrations, is to the Fig: 17. 
me wherein a body falls down the axis DV, as the 
Ircumterence of a circle to it's diameter; and by 

e ſame Theorem, as the circumference of a circle 


by ro e the diameter, fo is the time wherein the pen- 
cg um AB performs it's vibrations, to the time pl. ;. 
of UP "crcin a body falls down the axis EB; conſequent- Fig: 18. 


/ 10088” the time wherein the pendulum CV performs 


a vibrations, is to the time wherein the pendulum 
e in U B performs it's vibrations, as the time of the fall 
pan own DV, is to the time of the fall down EB; 


the pe 


3 a proved in my lecture upon gravity, the 
nulCu | 


me of the fall down DV, is to the time of the 
M 4 fall 
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LE r. fall down EB, as the ſquare root of DV, to ihe le 
X. ſquare root of EB; or, becauſe DV is one half; ihe tir 


wr CV, and EB one half of AB, as the ſquare roy the 


performs it's vibrations, as the ſquare root of (), 


Wrcaſon, 
Wmay | 
FAB; 

moves 
to the ſquare root of AB, that is, the times ae a hich 
the ſquare roots of the lengths of the pendulums. ¶ the fo! 
ſo that if one pendulum be four times as long as x. fore, 1 


CV, to the ſquare root of AB; wherefore, t\ 
time wherein the pendulum CV performs it's vibn. 
tions, is to the time wherein the pendulum 4} 


other, the ſhorter will vibrate in half the time, H dulum 


as to perform two vibrations in the ſame time tht line, r 
the longer performs one. line, 2 

In this Theorem, as alſo in every thing elſe H from | 
has been hitherto ſaid concerning the pendulum, e gravit: 
force of gravity is ſuppoſed to be given; where chan it 
follows, that if pendulums of different lengths, ss the 
CV and AB, perform their vibrations in coulif create 


times, the force of gravity in ſuch pendulums nu creat 
vary, and that in proportion to the lengths fit proc 
pendulums, that is to ſay, the force of gravity e As 

the pendulum CV, muſt be to the force of gravinh have c 


in the pendulum AB, as CV to AB. For, a 14 on, i 
times of the vibrations are ſuppoſed to be equal, . cernin; 
times of the perpendicular falls down the axcs DV that th 
and EB mutt likewiſe be equal, inaſmuch as th dulum 
have been proved to be proportional to the time vary 
the vibrations; ſince therefore, forces which Wi contin: 
conſtantly and uniformly are to one another 2, £1! at 
v locities which they generate in any given tim? and wW 
the force of gravity which carries a body down VM flat tt 
muſt be to the force of gravity which in the de cy 
time carries a body down EB, as the velocity «von w 
red at the end of the fall down DV, to the veb de ve 
acquired at the end of the fall down EB; but I prov dle for 
in my lecture upon gravity, that the velocity a Point 
red in falling down DV, is ſuch as will in a (pact n the 
time equal to thatof the fall, carry a body thro a ip 


equal to twice DV, that is, thro? a ſpace cqull 
1 
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to th rhe length of the pendulum CV; and therefore, LR r. 

half he time being given, the velocity may be expreſſed X. 

oot of by the length of the pendulum; and for the ſame 

e, u eaſon, the velocity acquired in falling down EB, 

vibn may be er by the length of the pendulum 

n 42843; conſequently, the force of gravity which 

f (\,Wmoves the pendulum CV, 1s to the force of gravity 

ae which acts upon the pendulum AB, as the length of 

lum; the former, to the length of the latter. Since there- 

35 11. fore, it has been found by experience, that a pen- 

ie, H cdulum which vibrates in a ſecond of time under the 

« thr line, muſt be lengthened as it is removed from the 

line, and that more and more as it's diſtance there- 

thr from increaſes ; it is manifeſt, that the force of 

m, te cravity is leſs in the equatorial parts of the earth, 

ence than in any other, and that it increaſes continually 

hs, ss the diſtance from the line increaſes, fo as to be 

equal] greateſt under the poles ; in what proportion this 

s mu icroaſe of gravity is made, and from what cauſe 

of ria it proceeds, I ſhewed in my lecture upon gravity. 

vity ns As the ſeveral parts of the cycloidal arch LV, pl. ;. 

avi have different inclinations to the plane of the hori- Fig 17. 

2; UM 2.00, it is evident, from what has been ſaid con- 

al, t cerning the motion of bodies upon inclined planes, 

cs DV that the force which accelerates the motion of a pen- 

s the dulum in it's deſcent from L to V, muſt continual- 

mes dh vary; it being greateſt in the point L, and thence 

ch FF continually leſſening as the cycloidal arch ſhortens, 

as the ill at length in the point Vit intirely vaniſhes ; 

time and what is particularly remarkable in this caſe is, 

n DV ftat the accelerating forces in the ſeveral points of 

e nde cycloid, are to one another in the ſame propor- 

aqa von with the cycloidal arches intercepted between 

chu de vertex and the reſpective points; for inſtance, 

por the force which accelerates the pendulum in the 

qa point L, is to the force which accelerates the ſame 

ace in the point M, as the arch LV, to the arch MV. | 

a ſpat | 

Jualt For, | 
if 
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r of the cycloid, parallel to the tangent 
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For, as the points L, and M have the ſame; 
rections with their tangents, the accelerating fur 
in thoſe points muſt be the ſame with the for; 
which accelerate the motions of bodies deſcendi 
along the tangents; or becauſe the chords OV x 
QV in the generating circle, are by the ſc 


and M, as the forces which accelerate bodies i 
their deſcent upon the chords OV and QV b 
foraſmuch as thoſe accelarating forces act con{tantl 
and uniformly, they muſt be to one another, astly 
velocities which they generate in a given time; and 
therefore, ſince it has been proved, that the chord 
OV and QM are deſcribed in the ſame time, thy 
accelerating forces are as the velocities acquire 
the end of the deſcent along thoſe chords ; but it 
has likewiſe been proved, that thoſe velocitics a 
as the lengths of the chords; conſequently, tle 
torce which accelerates a body deſcending along tl 
chord OV, is to the force which accelerates a boy 
deſcending along the chord Q, as OV to N 
but foraſmuch as by the third property of the qq. 
cloid, OV is one half of LV, and QV one half d 
MV, as OV is to Q, fois LV to MV and 
therefore, the accelerating force along OV, 1s to tie 
accelerating force along QV, as the cycloidal arch 
LV, to the arch MV; but it has been proved tht 
the accelerating force along OV, is the ſame wich 
the accelerating force in the point L, and that tix 
accelerating force along QV, is the ſame with the 
accelerating force in the point M conſequently, 
the force at L, is to the force at M, as LV to M 
and what has been thus demonſtrated of the forces 
at the points L and M, is in like manner demon. 
ſtrable of the forces at any other points, ſo that ir 
a pendulum deſcending in the arch of a cycloid, tac 
accelerating force is in every point as the length of 


the cycloidal arch intercepted between the fan | 
the 
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| Ine vertex; or in other words, the force is every 
Where proportional to the ſpace to be deſcribed. 
This then being the law of the accelerating force, 
and it having been proved, that the pendulum, 
whether it begins it's motion from Lor M, or any 
other point in the cycloid, will arrive in the ſame 
time at the loweſt point V; it follows, that if ſe- 
'veral bodies, placed at different diſtances from any 
point or center, begin to move towards it at the 
{ame inſtant of time, with forces that are e 
where proportional to the diſtances from the center, 
they will all arrive at the center at the fame inſtant 
of timez which I thought fit ro mention in this 
place, in order to avoid the trouble of demonſtra- 
ting the ſame, when I come to treat of the motions 
of muſical ſtrings, towards the explaining of which 
this property will be of ule. 
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intend to treat in this lecture, cannot be XI. 


> rightly apprehended without ſome knowledge of tge 


parabola , I ſhall by way of introduction ſhew the 
manner wherein that curve 1s generated, and point 
out ſuch of it's properties as I ſhall have occaſion to 
make uſe of in explaining the motion of projects, 
| referring you for their demonſtrations to thoſe au- 
E thors who have wrote of the conick ſeftions. 


Ik a cone as ABC, be touched by a plane in the pl. 6. 
© right line AB, and be cut by another plane parallel to Fig. 1. 


| the former, the curve whichariſes from the interſection 
of the plane with the ſurface of the cone is called a 


| Parabolg; being ſuch as is repreſented in Fig. 2, in pi. 6. 


tex; 


vhich the higheſt point P is called the principal ver- Fig. 2. 


173 Or ru MOTION or PROJECTS. 
Lor. tex; the right line CAP paſſing through the point p 
XI. and perpendicular to the tangent at that point, 
= called the axis; a right line as DA, drawn * an 
point in the curve perpendicular to the axis, is called 

an ordinate to the axis; PA the part of the axis in. 
tercepted between the vertex and the ordinate, i; 

called the abſciſſe to that ordinate; a right line, bein 

a third proportional to the abſciſſe and it's reſpettiy: 
ordinate, is called the principal parameter, or the 
parameter to the axis; a right line as DEH, drawn 

from any point in the curve parallel to the axis, j; 

called a diameter; a right line as PE, interceptel 
between any point in the curve and the diameter 

and parallel to BD which touches the curve in the 

int D, is called an ordinate to that diameter; Dl. 
the part of the diameter lying between the vertex |) 
and the point E, is called the ab/ciſſe to the ordinats 
PE; and a right line, being a third proportional to 
the abſciſſe DE and the reſpective ordinate EP, - 
called the parameter to the diameter DH, or 1 the 
vertex D. . | 

The ſquare of any ordinate divided by the re. 
ſpective abſciſſe, is equal to the reſpective parame: 
ter; thus the ſquare of DA divided by PA, or the 
ſquare of OQ divided by PQ, is equal to the prin- 
cipal parameter; and the ſquare of L. divided by 

DE, as alſo the ſquare of LM divided by DL, is equal 
to the parameter belonging to the vertex D. The 
ſquares of the ordinates to the axis, or to one and 
the ſame diameter, are to one another in the ſame 
proportion with their reſpective abſciſſa's. Thus 
the ſquare of DA is to the ſquare of OQ, as PA to 
PQ; and the ſquare of PE is to the ſquare of MI, 
as DE. to DL. 

In one and the ſame parabola, the principal pt 
rameter is the leaſt of all the parameters; and tht 
other parameters increaſe, as the diſtance of the 

. vertices from the principal vertex increaſes, thoug! 
not in the ſame proportion. | l 
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It from any point in a parabola as D, an ordi- LE Cr. 
ite be drawn to the axis, and if from the ſame Xl. 

| point a tangent be drawn upward, it will meet the wy 
is when produced; and AB, the part of the axis 
intercepted between the ordinate DA and the tan- 
eco DB, will be biſected by P the principal 


Vertex. F | 
® Theſe things being premiſed; if a body be 


thrown in any direction whatever that is not per- 
-ndicular to the plane of the horizon, it will in 
it's motion deſcribe a parabola. 


For the proof of which, let AE be the direction pi 6. 
of the projection, which in the 3d Fig. is parallel to Fig. 3. 4. 
Ethe horizon, and in the 4th and gth inclined there- 5. 
Bo; and let AE be the ſpace which the project 


would deſcribe in any given time by means of the 
force impreſſed, ſuppoling it had no motion down- 


ard from the force of gravity ; likewiſe let AB be 


the ſpace through which it would deſcend in the given 


me by virtue of it's own gravity, ſuppoſing it had 
vo other motion; then compleating the parallelo- 
gram ABCE, it is manifeſt from what was former- 
y ſaid concerning the compoſition of motion, that 
at the end of the given time, the project muſt by 
virtue of it's double motion, be found in the point 
but, foraſmuch as the motion impreſſed in the 
irection AE is uniform, the ſpace deſcribed, that 


AE, muſt be as the time in which it is deſcribed ; 
contequently, AE ſquare, or BC ſquare, is as the 
Iquare of the time; but AB or EC, which is the 
pace deſcribed in the ſame time by the force of 


Eravity is likewiſe as the ſquare of the time, as I 
proved in my lecture upon gravity ; conſequently, 
Ah is as the ſquare of BC; and therefore, from the 
Nature of the parabola, the point C through which 
the project moves, mult be in the curve of a parabo- 


4 whoſe diameter is AB, the vertex A, the point 
rom whence the project begins it's motion, and the 
| parameter 
2 
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LE Or. parameter belonging to that vertex, BC ſquare d. 
XI. vided by AB, or AE ſquare divided by EC, 2 
L— what has been thus demonſtrated of the point Cj 
in like manner demonſtrable of all the other point 
through which the project moves; conſequenth, 

the line which it deſcribes is a parabola. 

The velocity of a project in any point of the . 
rabola as A, is ſuch as a body acquires in fillig 
down the fourth part of the parameter belonging: 
that point. For the velocity of the project in the 
point A is ſuch, as would carry it from A to En 
the ſame time that a body deſcends from E tot 
and the velocity acquired in the deſcent from Et 
is ſuch as, in the ſame ſpace of time with that of 
the fall, would carry a body through a ſpace equal» i 
double EC; conſequently, that velocity is to the 
velocity of the project in the point A, as twice EC 5 thi 
to AE, or as ECto+ AE; but as EC is to * AF, Nothe 
ſo is the velocity acquired in falling from E toC, Welocit 
to the velocity acquired in falling down the fourth Wear ct 

art of the parameter belonging to the vertex Am. 
or, by the nature of the parabola, the parameter Sine 
Aq Mic pa, 

belonging to the vertex A, is equal to — cher, 
EC a: the 

wherefore, the velocity acquired in falling from om t 
to C, is to the velocity acquired in falling down tle WWiquely 
fourth part of the parameter, as the ſquare root i Welocit 
k z AFEq lie roach 

EC to the ſquare root of RS. which {q b be 


roots are to one another, as EC to £ AF, as my s Pre 
appear by multiplying each into the ſquare root “ ® 
EC; ſo that the velocity acquired in falling thru Wi * 
a fourth part of the parameter belonging to e e 
vertex A, and the velocity of the project in te Bb 
point A, have one and the ſame proportion to tit >” 
velocity acquired in falling from E to C; conte * 5 
quently, from the nature of proportionals, that 2. 
two velocities mult be equal, 


2 Hence 
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e d. AS Hence it follows, that if projects move through Le cr. 
ee (ame or different parabolas, the ſquares of their XI. 
tC, iGclocities in the ſeveral points of the parabolas are wy 
doing Wo one another, as the parameters belonging to the 


ent, We ſpective points; for, ſince the velocities in the (4 


W-veral points are equal to the velocities acquired in 


he . ling down the fourth part of the parameters be- 
allng nging to thoſe points, and fince the ſquares of 
ingo e velocities acquired in falling down the fourth 


in the Hirt of the parameters, are to one another as the 
En paces deſcribed, as I proved in my lecture upon 
to C; MWravity, it is evident that the ſquares of the velo- 
E toC ities wherewith projects move through the ſeveral 
that of py of the parabolas which they deſcribe, are to 


qual to ne another in the ſame proportion with the quarter 
to the * of the parameters belonging to thoſe points; 
ce EC Hut the quarter parts of the parameters being to one 
+ AF, other as the whole parameters, the ſquares of the 5 
\ to, elocities in the ſeveral points of the parabolas muſt 
fourth Wear the ſame proportion to one another, that the 


ameter 


AEq 


parameters do which belong to thoſe points. 

Since this is the caſe, and ſince by the nature of 

Wie parabola the principal parameter is leſs than any 
Wther, and that the other parameters grow larger 
the points to which they belong are more diſtant 

Jom the principal vertex ; if a project be caſt ob- - 6. 
Iquely upward, as in Fig. 4. from A towards E, it's 8 + 
Nelocity muſt continually decreaſe as it riſes and ap- 
Froaches the uppermoſt point P, wherein the velo- 

pity being leaſt muſt thence increaſe continually as 

Ne project deſcends and recedes from the point P; 

Nd as in one and the ſame parabola, where the di- 


root ol 

hrough ces of any two points, as A and C, from the 
to the rncpal vertex P, are equal, the parameters be- 
in ti ging to thoſe points are likewiſe equal; it is mani- 

to tie, chat a project muſt have equal velociries in thoſe 
conſe-ents; and of conſequence, ſetting aſide any diffe- 


Fence which may ariſe from the reſiſtance of the air 
the 
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the project will, ceteris paribus, ſtrike a mari; il 


forcibly in the point K as it does at it's firſt letting N if þ 
0 


out in the point A. | 

The velocity wherewith a project is thrown bein ce 
given, the velocity thereof in any point of the am Th 
may be thus determined. In the parabola of Fi, e 


let the axis BA be continued upward to D, ſo 2; tu mf J 
DB may equal the height from which a body nu prov! 
fall, in order to acquire the ſame velocity where. Wi ned 
with the project ſets out from G; then from wi Let 
63 55 in the curve taken at pleaſure as K, 1: wow 

orizontal line KL be drawn, and the velocity ui ng 
the project in the point K, will be to the veloch Wakes 
wherewith it began it's motion from G, as the ſquar * 7 
root of DL, to the ſquare root of DB. For = 
my lecture upon gravity, I proved, that if a boy uch 
be thrown directly upward from B towards D, ue 8 
the ſame velocity that it acquires in falling af! 
D to B, it will in any point of it's aſcent as L h — 
the ſame velocity that it would acquire in falling 4 the 
from D to that point; but the velocity acquired u Fig 
the deſcent from D to L, is to the velocity acquirl 0 
in the deſcent from D to B (which velocity s cen 
ſuppoſition equal to the velocity wherewith the bo cl. 
dy is thrown up) as the ſquare root of DL, toe e A 
ſquare root of DB ; and by the eighth Prop. of ny nh 
laſt lecture, the velocity of the project at K, is the lame NH | 
with the velocity at L; conlequently, the velocity 6. 1 
thereofat K, is to the velocity here with it ſet out from ,. we 
G, as the ſquare root of DL, to the ſquare root of D3. 5 |; 
W hence it follows, that it DB be equal to 1600 by 
feet, and DL to 400, the velocity of the project at Ve. 
is but one half of the velocity which it had at it's {WWW 1... 
ting out from G; and if DL be equal to 900 [tt bet 
then is the velocity at K, three fourths of the ve : 
city at G; ſo that a project being thrown obliq i 
ly upward with ſuch a velocity as would carry it c 
the height of 1600 feet if thrown directly pur, Icing 

| uy ui 
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Wontin! 
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15 u loſe a fourth part of it's velocity by the time it LE Or. 
ar x riſen to the perpendicular height of 700 feet, 

tung g one half of it's velocity when it has riſen o. 

e. | 

bg "The vdiacity wherewith a project is thrown from 

: cur: WR ny given place being given, as alſo the poſition of 
s mark, the directions wherein the project muſt be 
tat own, in order to hit the mark, may be deter- 
naß cd in the following manner. 3 

be Let A be the place from whence the project is Pl. 6. 
n 0 Wkrown, C the mark ſituated in the line AC whoſe Fig. 6. 
let the eth is given, as alſo the angle CAB, which it 
c akes with the horizontal line AB; at A ered the 
elo; rpendicular AP, equal to the parameter belong- 

cee * to the point A, which parameter is given, inaſ- 

"OT, och as the velocity wherewith the project is caſt 

a ba rom the point A is given; for it is equal to four 

), with Ines he 5 from which a body muſt fall in or- 

g from er to acquire that velocity. Let AP be biſſected 

L, hare „ the line KH, cutting it perpendicularly in G; 

fal A erect AK perpendicular to AC, and let it be 

rec ; Eontinued till it meets KH. From the point of con- 

-q""" Meourſe K, with the radius KA, let the circle AHP 

' 5 TIS. ccſcribed. This being done, let a right line as 

the be WCEI, be erected perpendicular to the horizontal 
dieß e AB, fo as to paſs throngu the mark C, and if 
oem edle to cut the circle in two points as E and I; 

he fade Ak and AT are the two directions, in either of 
vel ich, the project being caſt with the given velo- 
ata, will hit the mark. 

ba For, drawing the lines PE and PI, the angles 

0 11 AE and APE are equal, from the nature of the 

Kat k, pircle; and from the nature of parallel lines, the 

its er Bngles CEA and EAP are equal ; conſequently, 
an * triangle AEC is ſimilar to the triangle PAE; 

1 vel n therefore, PA is to AE, as AE to EC; wher C- 
blo" bre, multiplying the extremes and means, and di- 
ry 1 , ang b a 10 1 
1PWard, din to in uke y 
1p S by EC, PA is equal t. C 
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L x c r. ner, the triangles PAI and CAl being ſimilar, py 


XI. 


18 equal to Te Wherefore, ſince PA is equal 
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to the parameter at the point A, it follows, fg 
the nature of the parabola, that thoſe paratil; 
which the project deſcribes when thrown in the d. 
rections AE and AI, muſt: paſs through the prin 
C; conſequently, the mark will be hit by a projed 
thrown in either of thoſe directions. 

Whenever the mark is placed at ſuch a diſtang 
from A on the line ACM, ſuppoſe at M, as that th; 
ere NMH which paſſes through the mark, 

comes a tangent to the circle at H, the mark 
then at the utmoſt limit on the line AM, to which 
a project thrown with the given velocity can reach 
and there is but one direction, to wit AH, where 
with the mark can be hit; for it is evident, that an 
other direction muſt terminate in ſome point of the 
circumference above or below the point H ; whence 
if a perpendicular be let fall to the horizontal lin 
AN, it muſt of neceſſity fall on this fide of H 
with reſpect to A, and of conſequence, cut the lin: HM 
AM in a point leſs diſtant from A than is the M eloci 

int M, levat 

The line AH, which denotes the direction of the For 

roject, when thrown to the greateſt diſtance pol Vith 
ible on the line AM, biſſects the angle PAM, io DE 
which meaſures the viſible diſtance between the ie na 
nith or vertical point P and the mark M. For, He an 
the nature of the circle, the angle MAH is qu cle 
to the angle HPA; and foraſmuch as in the ace. 
angles HPG and HAG, the ſides PG and AG at BE: is 
ual by conſtruction, and GH common to bot), en 
and the angles at G right ones, the angle HTC cle 
equal to HAG, conſequently HAG or HAY "BF Her 
equal to MAH, chat is, the angle PAC is biſſcif w 
by the line AH. Pollibl 
Br", he bt the 
ere. 


, o, rur MOTION or PROJECTS. 


18 5 


„ If the line ACM be ſituated below the horizontal LE OT- 


e AN, which is the caſe when the mark is ſeated 


XI. 


a $n a deſcent, let all things be conſtructed as before, ' WW 
fron Ind the fame things will obtain; to wit AI and 4 6. 
als SE, will be the directions neceſſary to hit the mark 87 | 


he d. tc; and the line AH will biſſect the angle PAM, 
Which meaſures the apparent diſtance between the 
enith and the mark; and the point M will be the 
ptmoſt limit on the line AM, of a project thrown 
With the given velocity; the demonſtrations of 
bich are exactly the ſame as in the foregoing 


cake. 
lf the mark be placed on a level, the line ACM 


e circle and become a diameter, the points K 
Ind G coinciding. 


t of the In this caſe, the horizontal diſtance of the mark, 
whence o wit AC or AB, is as the fine of the doubled 
tal line ngle of elevation; or in other words, the hori- 
of HY ontal range, or the diſtance to which a project is 


rown on the plane of the horizon with a given 


Pelocity, is as the ſine of the doubled angle of 
elevation. 


1 of the For AC, the horizontal range of a project thrown 
ce pa. rith a given velocity in the direction AE, is equal 
PAM DE, the fine of the angle AKE; but, from 
the . le nature of the circle, the angle AKE is double 
For, by le angle APE, which is equal to CAE, the angle 
is qu elevation; conſequently AC, the horizontal diſ- 
the u ance of the mark, or the diſtance to which a pro- 
AG ve BE: 15 thrown on the plane of the horizon with a 
0 bot), ven velocity, is as the fine of the doubled angle 
TPG 5 clevation. 


| Hence it follows, that in order to throw a pro- 
ct with a given velocity, to the greateſt diſtance 
Poſſible on the plane of the horizon, the direction 
t the projection muſt be elevated in an angle of 4.5 
Perees; for, ſince the fine of twice 45 or 90 de- 


Will coincide with the horizontal line ABN, and Pl. 6. 
reach, e parameter AP, will paſs through the centre of Fig. 9: 


a Qrecs 


_ —_ 1 — 
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L c r. grees is equal to the radius, and of conſequence, f. 
XI. greateſt of all the ſines; and fince the horizon 
P ranges at the ſeveral angles of elevation are to ; 
another, as the fines of the doubled angles of cen 

tion, it is manifeſt, that the greateſt range, or xj 

is uſually called by gunners, the greateſt random. 

mult be when the project is caſt in a direction why 
elevation is 4.5 degrees; moreover, the greateſt n 

dom is ever equal to one half the pwrameter at th; 

point from which the projection is made; for th 

line AM, which expreſſes the greateſt randon, i 

equal to the radius KH, or half the diameter Ap 

which by the conſtruction, is equal to the parane. 


ter belonging to the point A; fo that where tis W&;ntir 
velocity with which a project is thrown is given, the Mcvat 
utmoſt diſtance which that project can reach on the Wiſe p 
horizontal plane, is likewiſe given; for it is equl WWF the 
to twice the height, from which a heavy body mul val 
fall in order to acquire the velocity wherewith ti: Nhe on 
project is thrown ; the parameter belonging to the chr 
point A, having been already proved equal to ut Hirdec 
times that height. W! co! 

A ſecond conſequence of the horizontal rangs G 
being as the ſines of the doubled angles of elevation Th 
is, that if two projects be thrown with equal ve luc 
cities, in directions whoſe elevations are equally d Wir.9, 
tant from 45 degrees above and below, for inſtance, Nie ba 
if the elevation of one be 60 degrees, and that d t like 
the other 30, whereof the former exceeds 45 e b 


grees, and the latter falls ſhort thereof by 15 & I 5 


grees, the horizontal ranges will be equal; o mp 


other words, the two projects will fall on the Pitti 
of the horizon, at the lame diſtance from the place! Hie cu 
projection; for as the ſum of any two arches f No, 
quadrant, whereof one exceeds 45 degrees, as met mi 
as the other is exceeded thereby, is equal to a 1 he (ar 
drant, it is manifeſt, that two fuch arches are co l 
plements to each other; wherefore, ſince by the le erent 


ture of the circle, the ſine of a doubled arch is qu 
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e, te the fine of it's doubled complement, the ſines of LE c T- 

nt. e doubled angles of two elevations equally diſtant XI. 

to on: om 4.5 degrees above and below, muſt be equal, 

cle a ſo of conſequence muſt the horizontal ranges 

brich are proportional to thoſe fines. And thus it 
ndon, a conſtantly be, were it not for two cauſes which 


Whok 
ft ran- 
at the 
for the 
om, 1 


ſome meaſure diſturb this law of projects, ſo 
to make the horizontal ranges of the higher ele- 
Fations to fall ſhort of thoſe of the lower. 

W The firſt of theſe diſturbing cauſes is the air, 
Which as it reſiſts, and thereby retards the motions 


er At, projects, muſt, ceteris paribus, cauſe a greater 
arame- etardation in thoſe motions which are of longeſt 
re tie Hontinuance; conſequently, ſince the higher the 
en, the N |-vation of the direction is, the longer is the time of 


on the 
s Equal 
ly mul 
ich the 
3 to the 
to four 


Me project's motion, as ſhall be ſhewn hereafter ; 
We the directions wherein two projects are caſt with 
qual velocities, be equally diſtant from 45 degrees, 
Nhe one above and the other below, the project which 
chrown in the higher direction, will be more re- 
Warded than that which is thrown in the lower; and 
f courſe, will fall on the plane of the horizon at 


rangs less diſtance from the place of projection. 

evaua The ſecond diſturbing cauſe obtains with regard 
al vel ö 0 ſuch projects only as are thrown by the force of 
ally d poder. As the force of the powder acts upon 
nſtanct, be ball during it's continuance in the barrel, ſo does 
that 0! likewiſe to ſome diſtance beyond the muzzle ; 
45 & Wn by ſo doing makes the ball to move forward in 
ing line, which line is commonly called the line 
; Or, n mpulſe of fre; at the end of which, the ball 
jc plant Huitting the blaſt of the powder, begins to move in 
— De curve of a parabola. 

(8 0 


Now, though the air gave no reſiſtance to projects, 
Net muſt the horizontal ranges of a ball ſhot out of 
Ne ſame piece with equal charges, in two directions 
Equally diſtant above and below 45 degrees, be dif- 
rent on account of the different directions of the 

| N 3 line 
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L z c r. line of impulſe of fire; for, let us ſuppoſe a guny 


XI. 


— — ties of powder, one in the direction AB, and th 


El. 6, 
Fig. 9. 


Pl. 6. 
Fig. 8. 


project is thrown according to the lower els 


ject deſcribes ; and, from the nature of the paralol, 
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A, to diſcharge two equal balls with equal quant. 


other in the direction AC, AB being as far aboy 
45 degrees, as AC is below it; and let AB and A( 
denote the lines of impulſe of fire, ſo that at Ban 
C the balls will begin to move in parabolic curves 
from which points let fall the perpendiculars BI 
and CE; it is manifeſt, that AD, which is the 
ſine of the complement of the higher elevation, 
will denote that part of the horizontal range which 
is owing to the line of fire, when the project » 
thrown according to the higher elevation ; and 
AE, the ſine of the complement of the lower ch 
vation, will be that part of the horizontal diſtance, 
which is owing to the line of impulſe when the 


vation; conſequently, ſince the ſine of the com. 
plement of a leſſer angle is ever greater than that 
a larger angle, the horizontal range of the lower 
elevation muſt exceed that of the higher, ſo that 
where projects are thrown with the ſame velocity by 
the force of powder, in directions equally diſtat 
above and beiow 45 degrees, thoſe muſt range fat 
theſt which are thrown according to the lower lt 
vations, as well on account of the line of tire, 4 
of the reſiſtance of the air. 

The altitude to which a project riſes, is as tht 
verſed fine of the doubled angle of elevation; for 
the proof of which, let AE be the direction of ti 
projection, and let AC or AB be biſſected in I. 
and from the point of biſſection erect the perpet 
dicular TR; ſince the point T is equally diſtat 
from A, where the project begins it's motion, 
from B, where the motion of the project ceals 
IR will be the axis of the parabola which the p 


will be biſſected in V by the principal vertel 
wherefore, IV will be the height to which 13 


his | 
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Lx cr. tion: for inſtance, the time of the flight of a p. ie. 
XI. ject thrown with a given velocity in the direct Numt 
AE is as the fine of CAE, the angle of elevation, Mie ſ 
for ſince the project moves through the curve 0 i Nove 
parabola from A to C, by virtue of its uniform ng. hic 
tion in the direction AE, and of it's accelerated my. une 
tion in the direction EC, it is evident, that the er o 
time of it's flight through the parabola, mult be eq141 pect's 
to the time of it's uniform motion from A to; Wlhumt 
but as the velocity is given, the time of the moticn Mn on 
from A to E, muſt be as the ſpace deſcribed, th hic 
is, as AE; or by the nature of proportionals, as d equal 
half of AE; but AE being the chord of the arch ros 
AE, which meaſures AKE, the doubled ange e p 
elevation, one half of AE is equal to the fine of Mitte 
half the arch AE, that is, to the ſine of the arch of ch 
which meaſures CAE, the angle of elevation; co. on 
ſequently, the time of the flight is as the ſine of the W024 
angle of elevation. Hence it follows, that tl: WS, gi 
greater the elevation is, the longer the time of the MiſMprojec 
flight will be; as alſo that the time of the perpen- Haul 
dicular flight is greateſt of all, the ſine of the per- iber. 
endicular elevation being equal to radius. BY 
If the velocity wherewith a project is thrown be aid d 
required, it may be determined from experiments fou 
in the following manner; by the help of a pen ipolcd 
or any other exact chronometer, let the time of th: Her 
perpendicular flight be taken ; then, foraſmuch s woti 
the times of the aſcent and deſcent are «qual, te Heigl 
time of the deſcent muſt be equal to one half of tie Nibey 
time of the flight, conſequently, that time wille Nee w. 
known; and, foraſmuch as a heavy body defcencs ent 
from a ſtate of reſt at the rate of 16 feet in the ft ede 
ſecond of time, and that the ſpaces through wich Waicen! 
bodies deſcend are as the ſquares of the times; irn; 
ſay, as one ſecond is to ſixteen feet, ſo is the [quir Wo! th 
of the number of ſeconds which expreſs the tim" 0 per 
the deſcent of the project, to a fourth proportion, ge. 


we ſhall have the number of feet through which 
pore 
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projects begin their motions; for, as in the method 
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yhich it acquired in it's deſcent, which veloeity is 


equal to the velocity wherewith the project was 
Wthrown up; conſequently, the velocity wherewich 
the project was thrown up is diſcovered. To illuſ- 


Pate this by an inſtance, let us ſuppoſe half the time 


Wot the perpendicular flight to be 8 ſeconds ; then, 
Was one is to 16, ſo is 64, the ſquare of 8 ſeconds, to 
1024; which being doubled, and then divided by 
Bs, gives 250 in the quotient ; which ſhews that the 
| project was thrown upward with ſuch a velocity as 


Evould carry it, ſuppoſing it moved uniformly, at 


the rate of 256 feet in one ſecond of time. 


Perhaps it may be objected, that the method here 


aid down for diſcovering the velocities of projects, 
founded on experiments in which projects are ſup- 


poſed to move freely without any let or impediment, 
dereas the air reſiſts and retards all projects in their 
motions, ſo as not to ſuffer them to riſe to the ſame 


eight, or to return with the ſame velocity, that 


ey would in caſe they moved in vacuo in anſwer 
Wo which, it muſt be confeſſed, that in the experi- 
ments here made uſe of, the air does reſiſt and im- 
pede the motions of projects, ſo as to ſhorten their 
Peent, and to leſſen the velocity of their re- 

turn ; but then this does very little affect the truth 
f the concluſions which are gathered from theſe 
Experiments concerning the velocities, wherewith 


laid 


rojedt fell, which being doubled, will give us the LE Or. 
Number of feet which the project would deſcribe in £ 
Whe ame time with that of the fall, ſuppoſing it wy 
Wroved with an uniform velocity, equal to that 
ich it acquired by the end of the fall; which laſt 
Wound number of feet, being divided by the num- 
Wer of ſeconds which expreſs the time of the pro- 
ts deſcent, will give a quotient, expreſſing the 
Number of feet through which the project would move 
Wn one ſecond of time with a velocity equal to that 
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L. z c r. laid down, the only thing neceſſary to be kny; 
XI, from experiment, is the true time of the flight of: 
Wy project, ſuppoſing it to move in vacuo; if thy 
time can be had from theſe experiments, the velg, 

ty wherewith the project ſets out may be rightly d 
termined, notwithſtanding the reſiſtance of the 30. 

but the time of the flight of a project thrown d. 

rectly upward, is very nearly the ſame in vac, x 


in the air; for, as much as the time of a project Dan 
aſcent is ſhortned by the reſiſtance of the air, , | : 
much very nearly is the time of its deſcent lengt. WW me 
red by the ſame reſiſtance, conſequently, the whil: WI— 
time of the flight in air muſt be very ney WT ©< 
equal to the time of the flight in vacuo ; and ther. FT « 
fore, the time of the flight in vacuo is got, i; WF] < 
taking the time of the flight in air. | 
; Bp. 
Degrees. Sines. Verſed fines. c 
30 50 13 G 
45 70— 29 9 

60 86—ä 51 
90 100 — 100 12 
120o—— 148 12 
| 12 
12 
14 
14 
18 
18 
18 
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OW ; ; LE c T. 
of; Experiments concerning projects made with a ſmall Xl. 


tha * mortar, the length of _— chaſe was 5% inches ; wound 
loc. iS the diameter of the ball and chaſe 375, inches; weight 


de 
Ar; 


of the hollow ball 23000 grains; length of the | 
chamber 2 inches, and its diameter & inch. 


Co —— ¶ů ̃ — a oe. eV OA ̃ — 
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N d. 
0 4 | A * : _ : 
c; WfQuancity of Degrees ot|torizontal [Times of the 
„ b powder in elevation. ranges in| flights in halff 
gti grains. feet. ſeconds. | 
ok OO — 135 5 = 
= 45 150 | 6 | 
* 60 60 120 8 
4 by ; bo 90 11 
90 30 200 4 
90 45 220 | 
90 60 220 z 
II 
90 90 
120 30 420 9 | 
120 45 450 oþ 
120 60 300 1 2 | 
I 
| 120 90 
140 45 660 15 
140 1 18 
180 30 1000 13 
180 45 1100 17 
180 60 900 2 - 
2 
ment 150 90 | | 
= 240 45 1750 20 
240 60 1390 23 
240 * 2 
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gravitation and preſſure of war ER, and fach the wa 


XII 
other rruips, as are commonly called L1qv1n;, Pater“ 


A fluid in general is a body, whoſe parts yield to $i be: 
any force impreſſed, and in yielding are eat ee, 
moved one among another. vate 

The minute particles of fluids do not ſcem WM 2 
differ from thoſe of ſolid bodies; inaſmuch as Huf come 
and ſolids are frequently converted into one a Fron 
ther. Thus water and watery fluids are by co {ting 
changed into ice; which by heat is again reduce pt a lie 
to it's fluid ſtate. Metals of all Kinds being meld vel 3 
become fluid, and upon cooling grow fold again Flt, 1. 
The moſt ſolid and ponderous woods, as allo the and in 
hardeſt ſtones may, by the force of fire, in a great 1 
meaſure be converted into water, as is well known MR ax 
to the chemiſts. And there are not wanting - vai a 
ſtances in nature of the groſſeſt bodies being tumed url | 
into the ſubtile fluids of air and light, and thel: Th 
again into groſs bodies. Which changes can ſcarce- * "_ 
ly be accounted for, unleſs we ſuppoſe the minute Ie . i 
particles of fluids to be of the ſame nature with te r. Tg. 
of ſolid bodies. But be this as it will, moſt certan 4 1 
it is, that fluids as well as ſolids conſiſt of heavy "ir | 
particles, whoſe gravity is ever proportional to e e 4 
quantity of matter which they contain. 7 (115 14\- er 
ing been found as far as experience reaches to be tis 3 
univerſal property of matter, whatever be the h WW. en 
under which it appears. Moſt indeed of the 4%, 3 
cient naturaliſts, not being ſenſible of any weight! Wy 
preſſure from the air about them, or from the i. hae of « 
cumbent water when immerſed therein, were of ct 


tem y 
nion, that the parts of one and the ſame 86 5 
_ 
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7 1 not gravitate one upon another; which opinion Lx er. 
s been exploded by the moderns as erroneous; XII. 

nd that it is ſo, will appear from the following. 
periment. ; . | 
let an empty phial cloſe ſtopped and immerſed Exp. 1. | 


I vater, be ſuſpended from one end of a balance 
Ind poiſed ; then let the ſtopple be taken out, that 
the water may run in, the phial upon receiving the | 
water will preponderate, and bear down the arm of 9 
e beam from which it hangs; which evidently 
proves, that the parts of water retain their gravity 
In water, ſo as to preſs and bear down upon the 
parts beneath them; otherwiſe the phial would not 
| rhe heavier upon the admiſſion of the water. 


From the gravity of the parts it follows, that 
getting aſide all external impediments, the ſurface 
bf a liquid contained in a veſſel muſt be ſmooth and 
rel; for ſhould any part ſtand higher than the 
jeſt, it muſt deſcend by the force of it's gravity, 
and in ſo doing, ſpread and diffuſe itſelf till it 
comes to be on a level with the other parts. As the 
pravity of the parts reduces the upper ſurface to a 
vel, ſo does it likewiſe occaſion a preſſure on the 
Wower parts, greater or leſs in proportion to their 
depth below the ſurface, each part ſuſtaining a 
preſſure equal to the weight of all thoſe which lie 
above it; whence it follows, that the parts which 
gre at equal depths below the ſurface, are equally 
yreſſed, and ot conſequence mult be at reſt, contra- 
gy to the opinion of thoſe, who make the nature of 
Wiudity to conſiſt in the conſtant actual motion of 
e parts one among another. Should this equality 
of preſſure at any time be deſtroyed, then indeed a 
motion will ariſe in the parts of the fluid, and con- 
[inue till the preſſure becomes equal again, as may 
Pppear from the following experiment; whereby 
die truth of what has been ſaid concerning the preſ- 
ure of the ſuperior parts of fluids on thoſe beneath 
wem, will likewiſe be confirmed. 
2 Take 


= — — 
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0. e external air; by which means, the preſſure ari- LE c T. 

er u o from the condenſation of the air is taken off, XII. | 
l d of conſequence, the water which lies beneath wu | 
te orifice is leſs er than the adjacent portions, 


jr that reaſon muſt riſe, and continue ſo to do, | 
I the elevated water in the tube gravitates as for- 

y on the water beneath the orifice, as the exter- | 

| water does on the neighbouring portions ; but | 

is it cannot poſſibly do, till it comes to be of an { 


qu. val height with the external water. 
the F Should a lighter liquid be poured on the external | 
orel. acer, the water within the tube will riſe yet high- {i 
ule RS than before; and the height to which it riſes | 
| > ove the ſurface of the external water, will be fo 


Wuch leſs than the height of the lighter liquor above 


tion e fame ſurface, by how much the ſpecifick gravi- 
like of the water exceeds that of the lighter liquor; 
nuch r inſtance, if rhe ſpecifick gravity of the water be 
cath x the ſpecifick gravity of the lighter liquor, as two 


Pone, the height of the water in the tube above the 
el of the external water, will be to the height of the 


e up WWghterliquid, as one totwo; becauſe in that caſe, one 

but ¶ Vrrt of water makes an equal preſſure with two parts of 

s the e lighter liquid. To illuſtrate this by an experiment. 

ring Let oil of turpentine, whoſe ſpecifick gravity is Exp. 3. 
when the ſpecifick gravity of water, as 83 to 100, be ? 
-r, 4 Woured on the external water to the height of 8 

hr of ches and an half, and the water will riſe in the 

| that {Wide to the height of 7 inches and above the le- 

e, 4 Wie! of the external water; that is, the heights of 

| wi- WP water and oil will be in the reciprocal propor- 

the on of their ſpecifick gravities; for 7 and d is to 8 

cal d +, or, which is the ſame thing, 73 is to 8g, 

f che ery nearly, as 83 to 100. 


The fame thing is in like manner confirmed by 

de following experiment. at 

Let one end of a ſmall tube open at both ends, Exp. 4. 
e immerſed in mercury contained in a larger tube, 

id let water be poured upon the mercury in the 

larger 
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LC r. larger tube to the height of 34 inches; the nem 
XII. ry will riſe in the ſmaller tube to the height af 
inches and an half above the level of the mercy rp 
in the larger tube; ſo that the height of the ga aa 
cury in the ſmaller tube above the level of the n 5 
cury in the larger, will be to the height of the n 4 wy 
ter above the ſame level in the reciprocal proport Wl + f 
of their ſpecifick gravities; for 2% is to 34, 810 21 | 
133, which numbers expreſs the proportion of Wi 4 
ſpecifick gravity of water to that of mercury. 25 7 
The preſſure which the lower parts of a liq Mi . 
ſuſtain from the weight of thoſe which lie a4 ** 
them, exerts itſelf every way in all manner of 4. " ar 
rections, and that equally ; or in other words, v. th 
ever be the force wherewith a drop of any liquid ix ©rce 
preſſed downward by the weight of the incumben 1 aid ; 
liquid, with the very ſame force is that drop preſſe 3 11 
upward, as alſo laterally and obliquely, and ni beres 
word, in all kind of directions whatever; other. ven 
the drop, which from the nature of fluidity, ready wo 
yields and gives way to any impreſſion, mult H ext le 
reaſon of the preſſure from above move out of ie lia. 
place; but this it cannot poſſibly do, becaule the ; —— 
drops all around 1t being equally preſſed from abor, emain 
do on all ſides reſiſt the motion of that drop, N A b. 
the ſame force that it endeavours to move; con ncal 
quently, the drop mult continue at reſt, and ee ane 
preſſed on all fides with the ſame force that it er be 
from above; and what has been thus proved of on: Win the 


Exp. 5. 


drop, is in like manner demonſtrable of all the , 
and therefore, the preſſure on the lower parts ot 
liquid exerts itſelf equally every way, as will y 
pear from the following experiment. | 

Let four tubes open at both ends be immerſn 
water to the ſame depth, their upper orifices bei 


Day ge 
Nighter 
own b 
Pater, 

dencatl 


the cyl 


firſt ſtopped, and let the lower orifices be fo ſtu 4. 
ed, as that the water in entring may move direct red 
upward in one, and directly downward in anoti, lt Ing e 


oblique 


or HYDROSTATICKS, 199 ü 


8 

mer bliquely in a third, and horizontally in the fourth; LROr. 

It 0! 1 bdon opening the upper orifices, the water will riſe XII. | 

cry all of them to the ſame height with the externa A 
enter, as being preſſed in the ſeveral directions with | 
mer WS force equal to the weight of the incumbent | 
| e ** iter. | 
0h From the preſſure of liquids upwards it is, that | 
4 1 d bodies ſpecifically lighter than liquids, are 

of tir Wade to aſcend when immerſed therein. For when 

)- old body is immerſed in a liquid, it preſſes that 
dq ert of the liquid whereon it reſts, with a force equal | 
11 che weight of a column compoſed of the body it 7 
01 ( | 


elf, and that portion of liquid which lies upon it; 


Via: Bind the water preſſes upward againſt the body, with | 
quic i force equal to the weight of a like column of the 
moet quid alone; which force, inaſmuch as the liquid is 
peel  -2vier than the ſolid, muſt overcome the force 
d rherewith the body preſſes downward, and of con- 
ere egvence, the body muſt riſe with the difference of 


readih 


＋ hoſe forces; as ſhall be ſhewn more fully in my 
ult by 


ext lecture. If by any contrivance the preſſure of 


| 


of It; « liquid from beneath can be taken off, a body 

le the Wiough ſpecifically lighter will not riſe in a liquid but 

abon, Wemain immerſed, as in the following experiment. 

muß A braſs plate being joined to one end of a cylin- Exp. 6. 
ey ical piece of wood, and another plate of the ſame 


Ee and ſhape being fixed in water; let the cylin- 


tit er be totally immerſed, and let it's plate be laid up- 


of 4 Pn the other in ſuch a manner, as that no water 
2 1 ii get between; the cylinder though ſpecifically 
N 1 Netter will remain beneath the water, being preſſed 


Poun by it's own weight and that of the incumbent 
Pater, whulft the contrary preſſure of the water from 
Pencath, is kept off by means of the plate whereon 
The cylinder reſts. 


ſed u 
being 


192 ä | As bodies ſpecifically lighter than liquide, are 
: 15 porced up, on account of the preſſure from below 1 
5 Ng greater than the force wherewith the bodies 1 
a | [| 
| 
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Le cT. preſs downward ; ſo on the other hand, bodies jy 
XII. cifically heavier muſt ſink, becauſe the force whey. 
GY) with they preſs downward exceeds the preſſure fron 
beneath which oppoſes their deſcent; and the fy 
wherewith they deſcend is equal to the difference q 

thoſe forces; as ſhall likewiſe be ſhewn in my get 

lecture. If by any contrivance thoſe two for 

can be reduced to an equality, then the bodies yil 

not deſcend but remain ſuſpended in the liquid; x 

in the following experiment. 
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that of water, as ꝙ to 1, be adapted to the neck q 
a glaſs veſſel in ſuch a manner, as that being in. 
merſed in water no part of the water may get up 
on it's upper ſurface ; let it then be immerſed to ti 
depth of nine times it's own thickneſs, (that is, 

the depth of 2 inches and , the thickneſs of th 
plate being +3 of an inch) and it will remain {if 
pended ; but upon pouring ever ſo little water upor 
it's upper ſurface, it will immediately deſcend and 
fall to the bottom. ; 

The plate being immerſed to the depth of nine 
times it's own thickneſs, is preſſed upward by a for: 
equal to the weight of a column of water, whole 
height is nine times as great as the thickneſs of ths 


plate; which weight, inaſmuch as the ſpecifick g e wa 
vity of the water is to that of the plate, as 1 t0% ickne 
is equal to the weight of the plate, that is, to ti: fs an 
force wherewith the plate preſſes downward ; fors Wiſendeq 
none of the water lies on it's upper ſurface, it en D 
preſs downward with no other force than what arts Wiermer 
from it's own gravity ; conſequently, in this cat Whether, 
the force which reſiſts the deſcent, is equal to tit ene 


force which promotes it, and of courſe, the plate 
muſt remain in it's place. When a little water 
poured on the plate, the weight of that added to it 
weight of the plate, overcomes the reſiſting fort 
Exp. 8, Of the water, and cauſes the plate to deſcend. Shoul 
the plate be immerſed to twice the former dept 
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LE c T. the bottom, and whoſe height is the ſame with th 
XII. perpendicular height of the liquor, 
— That this is the caſe in veſſels that are equally 
wide from top to bottom, is plain and obvious; ir 
aſmuch as the bottom of every ſuch veſſel does x: 
tually ſuſtain ſuch a pillar of liquor. But that the ca 
ſhould be the ſame in irregular veſſels, is not ſo ca 
to conceive ; for inſtance, that in a veſſel which 
from a large bottom grows narrower as it riſes, 
as perhaps at length to be contracted into a tube, 
the bottom ſhall bear the ſame preflure when the 
veſſel is filled, as it would were the veſſel equal 
wide throughout from bottom to top, ſeems {trange 
and ſurprizing, and yet it is what neceſſarily fc. 
lows from the nature of fluidity ; for that part of the 
bottom which lies directly beneath the tube, ſuſtains 
the weight of a pillar of liquor which reaches to 
the top of the tube, the veſſel being ſuppoſed to 


be full, and being preſſed with the weight of that 


pillar, re- acts with an equal preſſure on that portion 
of the liquor which touches it; and that preſſure 


inaſmuch as it exerts it ſelf cqually in the liquor 
every way, is propagated; literally through the fe 
veral portions of liquor which are contiguous to the 
bottom of the veſſel; and foraſmuch as this later 
preſſure does in like manner exert it ſelf equally e 
very way, the bottom of the veſſel muſt be equa: 
ly preſled in every point; conſequently, fince that 
portion of it which lies beneath the tube, bears 


preſſure equal to the weight of a pillar of liquor 


whoſe height reaches to the top of the veſſel, every 
other equal portion mult bear a preſſure equal to the 
ſame'weight; and of courſe, the whole bottom mult 
be preſſed as forcibly, as if the veſſel continued 


the ſame wideneſs to the top, and was filled with 
the liquor. 0 
Fxp 9. . To confirm this by an experiment. Let there 
* 2 be two glaſſes open at both ends, and of ſuch ſhaps 
. * as are exhibited in the two figures, whoſe lower 10 


. 
13 
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* of them ſucceſſively, in order to conſtitute two veſ 
es of equal bottoms, but of different capacities; 
e aud being ſo fitted, let it be immerſed in water, 
ei las in the laſt experiment, to ſuch a depth, as that 
hick it will be neceſſary to load it with water in order 
AY make it ſink ; that 1s, let the depth be more than 
ule, ine times the thickneſs of the plate, which depth 
| the Vvoſt be the ſame in both caſes; let then water be 
ual; i 09 on the plate, and let it be obſerved what 
ange eight of water 1s requiſite to force down the plate 
; (1. hen the wider veſſel is made uſe of, and it will be 
the ound, that the ſame height will ſuffice in the nar- 
Qaing tower veſſel ; conſequently, the ſmall pillar of wa- 
ie i Wer in the narrower veſle], muſt preſs the plate with 


@ force equal to the weight of a pillar of water of 
e ſame height, and of a baſe equal to the area of 
We plate; for ſuch a pillar does actually preſs the 
Pate in the larger veſſel, as is evident from the 
here inſpection of the figure, and the preſſures made 


ed to 
f that 
tion 
ſſure, 


quot 

10 t. n the plate in both veſſels are equal, inaſmuch as 
to the Ney overcome equal reſiſtances. 

lateral e From what has been ſaid it appears, that where 
ally & Wh: baſe of a veſſel is given, the preſſures upon it 
c.. e the perpendicular heights of the liquid, what- 


& that 
Jears 4 
quot, 


oer be the ſhape of the veſſel. And univerſally the 


Ne cres of that baſe into the perpendicular height 
the liquor above it, without any regard to the 


eren the 
ro the Forty of liquor contained in the veſſel; ſo that if 
1 muſt e ſuppoſe a hogſhead ſet on one end, and filled 
ved of AP''h a liquor, and a ſmall pipe to iſſue perpendicu- 


dn upward from the other end to any height 
ever, and to be filled with the ſame liquor, 
Fe bottom will be as ſtrongly preſſed, and be in 
much danger of burſting out, as if the hogſhead 


Q 3 was 


- there 


ſhap® 
er pare 


MN 


reſſure on any baſe is meaſured by the product of 
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MN are cylindrical and equal, and of a capacity Lz c T. 
tt ſufficient to admit the braſs plate made uſe of in XII. 
tbe laſt experiment; which mult be fitted to cach \yw 


"1 
| 


1 
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was continued to the ſame height with the pipe, wy 


a x 
th the liquor. 4 
* 1 e of a veſſel bears a F 50 D= 
portional to the height of the liquor, fo likewiſedg Fin an 
thoſe parts of the ſides which are contiguous toth Thy, t 
| bottom; becauſe the preſſure of fluids 1s equal ever ty; 
way. Andasthe preſſure which the lower parts Wof tt 
a fluid ſuſtain from the weight of thoſe above then Wi Wh) 
exerts it ſelf equally every way, and is likewiſe yn. deno 
portional to the height of the incumbent fluid, th 3 
ſides of a veſſel muſt every where ſuſtain a preſſir Wits 4 
proportional to their diſtance from the upper fur 4 By 
face of the liquor. Whence it follows, that 1 hes 
veſſel full of liquor, the ſides bear the greateſt ſtr Ide b 
in thoſe parts next the bottom; and that the ft ſe 
upon the ſides decreaſes with the increaſe of the dil 0 
tance from the bottom, and in the ſame proportion; mans 
ſo that in veſſels of a conſiderable height, the lower Porte 
parts ought to be much ſtronger than the upper, Wi Fohich 
that they may be able to withſtand the great lick g 
preſſure, | . 
| what | 
LECTURE XII. 

Elince ] 
Or HyDROSTATICKS. Ws 
fore, 

; Wcihc 
N this lecture I ſhall explain to * par pa mA 
of HYDROSTATICKS Which is of u by ml 
vering the den/ities and ſpecifick gravities of bodie. whe 
ſiderat 


The pENsIT v of any body is meaſured by q 
proportion which it's quantity of matter 3 8 
bulk. For the more numerous the one * 
matter are in proportion to the ſpace _ * 
poſſeſs, the greater is the denſity of the o * 
the fewer the particles, the leſs the — 4 rod 
fore, putting D to denote the denſity 0 Qit 
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3 Db and foraſmuch as the quantity of matter 


I N? 

le 06 in any body is ever roportional to, and meaſured 
tothe by, the weight, as I ſhewed in my lecture upon gra- 
ever N vity; if inſtead of the quantity of matter the weight 
of the body be ſubſtituted, and if that weight be 


W denoted by W, then ba that is, the denſity 
Wi; as the weight of the body directly, and the mag- 
Wnitude inverſly. _ g 

By the ſpecifick gravity of a body is meant the 
| 0; ewity peculiar to that ſpecies of matter, whereof 
the body is a part; and it is meaſured by the pro- 


by | portion of the abſolute weight to the bulk; which 
tio; Poreion in one and the ſame kind of matter, re- 
loner mains unvaried ; and in different kinds, as this pro- 
upper, Y portion 1s greater or leſs, ſo is the ſpecifick gravity 
n vhich is meaſured by it. Let S denote the ſpeci- 


ck gravity of a body, it's weight and magnitude 
being denoted by W and M as before; then, from 


| . W 
| what has been ſaid, SN. and by conſequence 


: lince D is likewiſe . S=D; that is, the ſpeci- 


ck gravity of a body is as it's denſity. And there- 
fore, by finding out the proportion which the ſpe- 
gahck gravities of bodies bear one to another, the 
proportion of their denſities is likewiſe diſcovered; 


odics. er which reaſon I ſhall take no farther notice of the 
by che 6:nſities of bodies, but confine my ſelf to the con- 
s to it erition of their ſpecifick gravities alone. 

cles 0 When a ſolid body is immerſed in a liquid, it 
ch they Preſſes downward, and endeavours to deſcend by 
„e force of it's gravity ; but foraſmuch as it cannot 


(eſcend without moving as much of the liquid out 
of it's place, as is equal to it in bulk, it is manifeſt 
O04 that 


1 Qit's quantity of matter, and M it's magnitude, Lz c T. 


— — 
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LzcrT. that it is reſiſted, and, as I may ſay, preſſed upvm 
XIII. by a force equal to the weight of ſuch a portion q 
the liquid as is equal to it in bulk conſcquenti 


the ſpecifick gravity of the ſolid be greater tha 
that of the liquid, that is, if the ſolid weighs mon 
than an equal bulk of the liquid, the body will d 
ſcend with a force equal to the exceſs of it's grayiy 
above the gravity of the liquid: on the other hand 
if the gravity of the liquid exceeds that of the {; 
lid, the body being as it were preſſed upward ty; 
force greater than that whereby it endeavours tog 
down, will aſcend with the difference of thoſc forces, 
that is, with a force equal to the exceſs of the ſpeci 
fick gravity of the liquid above that of the fold 
When the ſpecifick gravities are equal, the boy 
will neither riſe nor fall, but remain ſuſpended x 
any depth ; being preſſed as ſtrongly upward by the 
reſiſting force of the liquid, as 1t is downward by 
it's own weight. Hence it follows, that if by ary 
contrivance the ſpecifick gravity of a ſolid can he 
varied, ſo as to be one while greater, another le 
and then equa] to the ſpecifick gravity of a liquid 
wherein it is immerſed, the body will fink, or fit 
or remain ſuſpended according to the variation of it 
ſpecifick gravity. And this is the caſe in that I 
dicrous experiment of the little glaſs images in 
ter, which are made to deſcend, or rife, or remalt 
ſuſpended at pleaſure; the reaſon of which I (hal 
explain to you, after you have ſeen the expe! 
ment. 

The images being ſet to float on the water, tit 


top of the veſſel muſt be covered with a blatt 


cloſely bound about the neck of the veſſel, to ii 
end that the air, which lies upon the ſurface of the 
water, may not force it's way out when it 15 Co 


denſed by the hand preſſing on the bladder. Tit 


images themſelves, though lighter, are yet nearly 
the ſame ſpeciſick gravity with the water, and be 


ing hollow, are full of air, which by means of 1 
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wrt WS oles in their heels communicates with the air with- Lex c T. 
ond ut. When the air which lies beneath the bladder XIII. 
„ preſſed by the hand, it preſſes on the ſurface of wy 


tha 
more 
ill de. 
ray) 
we 
he {6 
1 by 
3 (009 
. 
ſpeci 
ſolld. 
| boch 
led at 
by the 
ard by 
Dy ary 
"an be 
er leß 
liquid 
or nike, 
1 of it' 
hat lik 


in wa. 
remaln 
| ſhall 


exper. 


er, tle 
bladder 
to the 
of the 
15 col 
Lb 
L 
and be 
f {mal 
hole 


or HYDROSTATICKS. 


Ile water; and foraſmuch as the preſſure is propa- 


ated through all the water, thoſe portions which are 


Wontiguous to the heels of the images, are thereby 
rced into the holes, by which means the air with- 
. is condenſed, and at the ſame time, the weight of 
Nhe images is increaſed by the additional weight of 
Whe influent water. And when ſo much water is 
Worced in, as to render the ſpecifick gravity of the 
mages greater than that of the water, the images 


geſcend and fall to the bottom; where they remain 
bs long as the preſſure above continues, but when 


bat is taken off by the removal of the hand, the 
condenſed air in the images dilates and expands it 
elt, and in ſo doing drives out the water; upon 
yhich account the images become ſpecifically light- 
r than the water, and of courſe aſcend. As the 
| preſſure on the bladder is greater or leſs, ſo muſt the 
quantity of water which is forced into the images 
End therefore, whenever it happens that during the 
cent or deſcent of an image, ſuch a preſſure is 
made as ſuffices to force in juſt as much water as is 
Erequiſite to reduce the image to the ſame ſpecifick 
Weravity with the water, the image ſtops and remains 
Wulpended, upon increaſing the preſſure it deſcends, 
Wand aſcends if the ſame be leſſened. Some of the 
Images begin to deſcend ſooner, as alſo to riſe later, 
chan others, for one or both of theſe reaſons ; firſt, 
becauſe ſome are ſpecifically heavier than others; 


and, ſecondly, becauſe the cavities in the legs are 
greater in ſome images in proportion to their mag- 
nitudes, than they are in others; upon both which 
accounts, a leſs preſſure is requiſite to make ſome 
deſcend, and to keep them down, than what is ne- 
eſſary to produce the ſame effects in others. For, 
iſt, let us ſuppoſe the ſpecifick gravities of two 

I images 
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Le cr. images to be different, but the cavities in their legs 
XIII. when taken of a given height, to be proportiom 
wry to their reſpective magnitudes; ſince the air is equy 
ly denſe in both images, it is manifeſt, that it g 
the ſame ſition 1n both to the influent water, 
conſequently, the water when forced in by the preſſu 
from above, muſt riſe to equal heights in the ci 
ties of both; ſince therefore the cavities whos 
heights are equal, are ſuppoſed to be proportional ty 
the magnitudes of the images, it is manifeſt, thy 
the quantities of water contained in thoſe cavitie, 
mult be ſo too; conſequently, each image receive 
an addition of weight from the influent water pr- 
portional to it's magnitude ; or in other words, the 
ſpecifick gravities of the two images are equal 
augmented; foraſmuch therefore as one of the 
images is ſuppoſed to be ſpecifically heavier than the 
other, it is evident, that when the ſpecifick gravity 
of the former has received ſuch an addition, from 
the influent water, as makes it a little exceed the 
ſpecifick gravity of the water, the ſpecifick gravity 
of the latter muſt fall ſhort thereof ; conſequently, 
the former muſt ſink and leave the other + 
bove. 
Secondly, Let us ſuppoſe the ſpecifick gran 
ties of the two images to be equal; but let one 
image be leſs in proportion to the cavity in it's legs 
than the other 1s in proportion to it's cavity, tht 
height of the cavities being given; ſince the water 
does from the ſame preſſure riſe to an equal height 
in both, it is plain, from what I juſt now aid, 
that the former muſt receive a greater quantity of 
water in proportion to it's magnitude, and cone 
quently, a greater addition to it's ſpecifick graviq 
than the latter, and of courſe muſt deſcend 
ſooner. | 
From what has been ſaid it follows, that if tit 
proportion which the cavity in the legs bears b 
the magnitude of the image be given, the ge. 
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L the ſpecifick gravity of the image is, the more apt LE Or. 
it will be to deſcend ; conſequently, in this caſe the XIII. 
Wpticude or promptneſs of an image to deſcend i- 
proportional to, and may be expreſſed by, the ſpe- 

cifck gravity. In like manner, if the ſpecifick 

gravity be given, the greater the proportion is which 

the cavity in the leg bears to the magnitude of the 
image, the more apt the image is to deſcend; and 
therefore in this caſe, the aptitude is proportional 

to, and may be expreſſed by, the cavity applied to 

the magnitude of the image. But if neither the | 
ceives WI ſpecifick gravity of the image, nor the proportion | 
p-. of the cavity to the magnitude of the image, be gi- 1 
is, the ven, the aptitude of an image to deſcend, is as the | 
qua ſpecifick gravity into the cavity applied to the mag- 

the nitude of the image; that is, putting A to denote 

an the the aptitude, S the ſpecifick gravity of the image, 

raviy C the cavity in the leg, (the height whereof is al- 

by | ways ſuppoſed to be given) and M the magnitude 

d t 4 7 

ravity of the image; Ar NI; or, ſubſtituting the abſo- 

ently, 
er & 


—ͤ ——)ẽ—— — — 


lute weight of the image applied to it's magnitude, 
. 1 WC 
| in the room of the ſpecifick gravity, AM 
gran. 
one chat is, the aptitude an image has to deſcend, is as 
leg, tte weight of the image into the cavity of the leg F 
, the directly, and the ſquare of the image's magnitude 15 

water inverſly. 
cight A ſolid ſpecifically heavier than a liquid, being 

lad, immerſed therein, loſes as much of it's weight as is 

ity of he weight of a portion of the liquid equal to it in 1 
-onſe- bulk; for it has been already ſhewn, that a ſolid is 0 
ain carried down in a liquid by the exceſs only of it's ſ 
ſcend I gravity, above the gravity of a 8 of the liquid 

equal to it in bulk; conſequently, the other part of 

if the It's gravity is loſt, as to any effect it has on the body 


urs (0 it ſelf; as will appear from the following experi- 
"eater ment. 
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Let a ſmall cylinder of braſs ſuſpended at q. 
end of a balance and counterpoiſed, be immer{ 
in water ; upon the immerſion it will become ligh 
er, ſuppoſe by 200 grains, which is the weight g 
as much water as is equal in bulk to the cylinde: 
for a cylindrical veſſel, juſt large enough to contain 
the cylinder, being hung at one end of a balano 
and poiſed, and then filled with water, Preponde. 
rates with the weight of 200 grains. 

Since a ſolid when immerſed in a liquid, lo 
as much of it's weight, as is equal to the weight qq: 

rtion of the liquid of the ſame dimenſions with 
the ſolid, it follows, that all bodies whatever, whe 
magnitudes are equal, however different their ſpe 
cifick gravities may be, do ſuffer an equal loſs d 
weight in the fame liquid. Thus a cylinder g 


. block-tin, equal in dimenſions to the brats cylinder, 


but ſpecifically lighter, being immerſed in water, 
loſes 200 grains, as did that of braſs. 

Though a ſolid loſes part of it's weight when im. 
merſed in a liquid, yet 1t muſt notbe imagined that 
the weight ſo loſt by the ſolid, is actually deſtroyed, 
but that it is imparted to the liquid, the liquid con- 
ſtantly gaining in weight what the ſolid lost 
For if the veſſel with the water wherein the cylir- 
ders were immerſed, be put into a ſcale and poiſed; 
upon the immerſion of either cylinder, it will pre- 
ponderate with the weight of 200 grains, which i 
what the cylinder loſes. 

Solids equal in weight, but of different ſpecifi 
gravities, being immerſed in the ſame liquid, ſuf 
loſſes of weight reciprocally proportional to the! 
ſpecifick gravities; for as the loſs of weight whic! 
any body ſuffers in a liquid, is equal to the weight 
of as much of the liquid as is equal in bulk to the 
folid, the loſs ſuſtained is ever proportional to tit 
magnitude of the body ; whatever proportion there- 
fore the magnitudes of bodies have to one anoth?!, 


the ſame will the loſſes of weight have which tie] 
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aer; but the magnitudes of bodies equal in weight, LR Or. 


t of different ſpecifick gravities, are to one ano- XIII. 


ber in the reciprocal proportion of their ſpecifick rr 


Travities; conſequently, ſo are the loſſes of weight 
hich they ſuffer. Which is confirmed by the fol- 
pwing experiment. 
Let two cones, one of lead, the other of tin, Exp 5. 
Shoſe ſpecifick gravities are to one another, as 112 
Þ 74, and the weight of each 400 grains, be im- 
merſed in water, after the manner of the cylinders ; 
þpon the immerſion, the lead will loſe 353 grains, 
Ind the tin 54; but 35 is to 54, as 74 to 112, 


What is, reciprocally as the ſpecifick gravities of 


the metals: 

From the loſſes of weight being reciprocally pro- Exp. 6. 
rtional to the ſpecifick gravines, it follows, that 

two bodies of different ſpecifick gravities, which 

balance each other in air, be immerſed in water or 

any other liquor, the æqguilibrium will be deſtroyed, 

and that which has the greateſt ſpecifick gravity will 


gclcend ; as will appear, by hanging the cones, one 

Wat each end of a balance, and then immerſing them 

In water, for the lead will preponderate. 

The ſpecifick gravity of 

ier than a liquid, is to the ſpecifick gravity of the 

| liquid, as the abſolute weight of the ſolid, to the 
Joſs of weight which it ſuffers in the liquid; for the 


a ſolid ſpecifically hea- 


Ipccifick gravities of bodies being as the abſolute 
Weights applied to the magnitudes, where the 
magnitudes are equal, the ſpecifick gravities are di- 


Netly as the abſolute weights; if therefore we com- 1 
Nee the ſolid with a quantity of the liquid equal to 
in magnitude, their ſpecifick gravities muſt be as 
Wicir weights; but the abſolute weight of ſuch a 
antity of the liquid, is equal to the loſs of weight 
Wuſtained by the ſolid conſequently, the ſpecifick 


E'avity of the ſolid, is to that of the liquid, as the 
ole weight of the ſolid, to the loſs which it ſuſ- 
Nuss in the liquid, 55 
1 Hence 


. 
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Lr. Hence we have a method of diſcovering the ſpe, 
XIII. fick gravities of ſuch ſolid bodies as are heavier thy 
ww water; I mean, of diſcovering the proportions q 
their ſpecifick gravities to the ſpecifick gravity 

water. For if we ſuppoſe the ſpecifck gravity f 

water to be unity, and put L to denote the loſs ;f 

weight which any body, whoſe ſpecifick gravity ut 

look for, ſuſtains in water, and W it's whole weigh, 

W 
then L: W:: I: L; conſequently, T. expre. 
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ſes the ſpecifick gravity of the ſolid, that of water 
being unity ; and therefore, in order to knoy the 
ſpecifick gravity of any ſolid heavier than water, 
nothing more is requiſite, but to diſcover the qu 
tities denoted by Wand L, and to divide the ft 
by the laſt ; the firſt is had, by taking the weight 
of the body in air, and the laſt, by taking the weight 
in water, and ſubducting it from the weight in ar; 
for the remainder is the loſs of weight, which di- 
viding the weight in air, gives a quotient expreſling 
Exp. 7. the ſpecifick gravity of the body. To apply this 
to a particular caſe, . let it be propoſed to dilcover 
the ſpecifick gravity of a piece of tin, which being 
weighed in air, is found to be 300 grains, and in 
water, 259%, which being ſubducted from the for- 
mer, leaves 40+ for the loſs of weight; ſo that in 
this caſe, W denotes 300, and L 40; and there- 
fore dividing 300 by 40%, we ſhall have 7 x; for 
the ſpecifick gravity of tin, that of water being 
unity. Whence it appears, that tin, bulk for bulk, 
is more weighty than water, in the proportion of 
74 to ten. 
If the body, whoſe ſpecifick gravity is required, 
be lighter than water; then, foraſmuch as it's g- 
vity is not ſufficient to cauſe a total immerſion, the 
loſs of weight which it ſuffers in water, cannot be 
found out by weighing it alone in that liquid; kt 
it therefore be joined to ſome other body ſo we 


or HYDROSTATICKS: 


weight which the compound ſuſtains be likewiſe 
Jiſcovered, whence deducting the loſs of weight 
pſtained by the heavier, the remainder will exhibit 
She loſs ſuſtained by the lighter ; conſequently, di- 
Fiding the weight of the lighter by that remainder, 
the quotient will expreſs the ſpecifick gravity requi- 
ed; that is, putting W for the weight of the bo- 
y whoſe ſpecifick gravity 1s ſought, L for the 
ps of weight ſuſtained by the compound, and 


bor the loſs ſuſtained by the heavier body 1— 


Kecorefles the ſpecifick gravity of the body. To 
ply this to a particular caſe ; let the weight of a 


B:0 grains, and let it be joined to a piece of tin of 
$60 grains, whoſe loſs in water is found to be 17 
uns; then the compound being weighed in wa- 
r, will be found to Joſe 334 grains; ſo that in 
ſhis caſe, W is equal to 220 grains, L to 334, 
Wind | to 17; and L leis l, is equal to 317 
Frains. And therefore, dividing 220 by 317, 
de ſhall have +524 for the ſpecifick gravity of the 
Food, that of water being unity. So that that 
Kind of wood is, bulk for bulk, lighter than water, 
the proportion of 694 to 1000. 

| If the body whoſe ſpecifick gravity is ſought be 
ſolvable in water, then inſtead of water, let ſome 
ther liquor be made uſe of, which will not diſſolve 
ie body; and let the proportion of the ſpecifick 
yavity of the body to the ſpecifick gravity of that 
quor, be diſcovered by the foregoing method; as 


LIC = kts ee CT 4. 2d * 


— 


r 


quor to the fpecifick gravity of water, by the me- 
od which ſhall be ſhewn ant Then in what- 
er proportion the ſpecifick gravity of the liquor ex- 

I ceeds 


0 the proportion of the ſpecifick gravity of that 
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at the compound may ſink ; but firſt let the loſs Lz cr. 
r weight which the heavier body alone ſuſtains in XIII. 
water be found out, as before; and then let the loſs wy 


$icce of wood ſpecifically lighter than water be Exp. 8. 
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L x c r. ceeds or falls ſhort of the ſpecifick gravity of watt 

XIII. in the ſame proportion let the ſpecifick gravity 4 
wA— the body with regard to that of the liquor be i. 


. vity of water, B for the ſpecifick gravity of th 


vity of Roman-vitriol be required; let the weighted 
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creaſed or diminiſhed, and it will give the ſpecif 
gravity of the body with reſpect to that of wat, 
that is, if we put A for unity or the ſpecifick gn. 


other liquor, and C for the ſpecifick gravity of th 
body with regard to that liquor; then by ſaying. 
A is to B, ſo C to a fourth proportional, we ful 
i: BC 
have -Ftor the ſpecifick gravity of the body vit 
reſpect to that of water; or rejecting the diviſor ax 
being equal to unity, and putting S for the ſpecifik 
gravity of the body with reſpect to water, we ſhall 
have S=BC. To apply this, let the ſpecifick gr 


a piece in air be 67 grains, and in ſpirit of wine 
41 grains; conſequently, it's loſs of weight in the 
ſpirit is 26 grains, which dividing 67, give 
2.576 for the fpecifick gravity of the vitriol wit 
regard to the ſpecifick gravity of the ſpirit, which 
in this caſe, is ſuppoſed to be unity ; -but the ſpec 
fick gravity of the ſpirit, with regard to that of wa 
ter, is leſs than unity, being only +37, as ſhall be 
ſhewn preſently ; wherefore B is = 0.87, and 0 
is 2. 976 conſequently, 2.24 which is the pro 
duct ariſing from the multiplication of thoſe tc 


numbers, expreſſes the ſpecifick gravity of Roma! | Whet 
vitriol with reſpe& to that of water, which 154 et to fic 
unity; and therefore, in whole numbers, the {pea bulk to 
fick gravity of Roman-vitriol exceeds that of watt! - the w 
in the proportion of 224 to 100. | = 
The ſpecifick gravities of liquors are diſcovert its p 
by taking the loſſes of weight ſuſtained by one an power v 
the ſame ſolid in the ſeveral liquors; for ſince th to 
loſs of weight in each liquor, is equal to the weigh wor as 
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of as much of the liquor as is equal in bulk to the LE c T, 
body; by taking the loſſes of weight ſuſtained by XIII. 
the ſame body in the ſeveral liquors, we get the ab 
ſolute weights of ſuch portions of thoſe liquors as 

ue equal in bulk; and by conſequence, the ſpeci- 

ick gravities of the liquors, the ſpecifick gravities 

of bodies equal in bulk, being to one another as 

their abſolute weights; wherefore, putting L 

for the loſs of weight which a body ſuſtains in wa- 

ter, and little J for the loſs of weight ſuſtained by 

the fame body in any other liquor; then, by 
ſaying, as L to l, ſo is unity to a fourth term, id 


*, 2 ͥ — — — 


we ſhall have for the ſpecifick gravity of the 


other liquor, that of water being unity ; ſo that to 

diſcover the ſpecifick gravity of any liquor, we 

have nothing more to do, but to weigh one and 

the lame ſolid, both in the liquor whoſe quantity is 

ſought, and in water, and to divide the loſs of 

weight which the ſolid ſuffers in the liquor, by the 

loſs which it ſuſtains in water; for the quotient will 

expreſs the ſpecifick gravity of the liquor. Thus, Exp. 10. 
a glaſs bubble whoſe weight in air is 1727 grains, 
being weighed in water, is found to loſe 641 grains, 


Wa 

bend 558 in ſpirit of wine; and therefore, dividing 

4 OB 555 by 641, we ſhall have a quotient of 0.87 for | 
pode ſpecifick gravity of the ſpirit, that of water be- | 

two ing unity. 


When a body ſpecifically lighter than a liquid, is 
{et to float upon it, the part immerſed is equal in 
bulk to a portion of the liquid whoſe weight 1s equal 
to the weight of the whole body; for ſince the bo- 
(y links in part, by moving ſome of the liquor out 
ca of it's place, and fince the weight of the body is the 
aver which moves the liquor, the body mult con- 
anue to fink, till it has removed as much of the 
Iquor as is ↄqual to it in weight; conſequently, the 

part 
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LE c r. part immerſed muſt be equal in magnitude to ſuch q ſeveral 


XIII. a portion of the liquor, as is equal in weight tothe 
wy whole body; which is abundantly confirmed by the 
Following experiment. 

A ball x; pear-tree, a wood ſpecifically lighter 
than water, being ſet to float on water contained in 
a glaſs veſſel, let the veſſel be placed in a ſcale and 
counterpoiſed; then, taking out the ball, let the 
veſſe] be filled up with water to the ſame height at 
which it ſtood when the ball was in it, and the ſame 
weight will counterpoiſe 1t as before. 

From the veſſel's being filled up to the ſame height 
at which the water ſtood when the ball was in, it 
is manifeſt, that the quantity poured in is equal in 
magnitude to that part of the ball which was im. 
merſed; and, from the ſame weight counterpoiſing, 
it 1s evident, that the water poured in, is equal in 
weight to the whole ball. 

Ihe part immerſed is to the whole body, as the 
ſpecifick gravity of the body to the ſpecifick gravi- 
ty of the liquid; for the ſpecifick gravities of tuo 
bodies, being to one another as their abſolute 
weights applied to their magnitudes, if their weights 
be equal, their magnitudes are in the reciprocal 
ratio of their ſpecifick gravities; ſince theretore, 
ſuch a portion ot the liquid as is equal in magnitude 


Exp. 11. 


to the immerſed part of the ſolid, is likewiſe equal 
in weight to the whole ſolid ; the magnitude of the 
immerſed part is to the magnitude of the whole bo- 
dy, as the ſpecifick gravity of the ſolid to the ſpe 


cifick gravity of the liquid. 


When the ſame body is ſet to float ſucceſſively in 
different liquors, the parts immerſed are to one an- 
other in the reciprocal proportion of the ſpecifck 
gravities of the liquors. For the body deſcends in 
each liquor, till the part immerſed takes up the 

room of as much liquor as is equal in weight to the 


whole body; and therefore, ſuch portions M the 
eve 
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ow glaſs ball, with a ſmall hollow 


pendicular to the ſurface of the liquor; and at the 


E fame time, that the machine may be ſo far immer- 
| ſed, as that the ſtem only, or ſome part thereof, 
may remain above the liquor; the ſtem being gra- 
| duated from top to bottom, has numters annexed 
to every degree, expreſſing the magnitudes of the 
parts which lie below the ſeveral degrees, 


The uſe of this little machine 1s to diſcover the 


ſpecifick gravities of liquors, which is done in the 
following manner. The hydrometer being firſt let to 
float in water, the degree to which it ſinks mult be 
| obſerved, and the number thereto annexed ; then 
| being ſet to float in any other liquor, the degree to 
which it ſinks, with the number annexed, muſt 
| likewiſe be noted; for as this number is to the for- 
mer, ſo is the ſpecifick gravity of water, to that of 


the other liquor, as is evident from what was uſt 


into water, ſinks to the degree whoſe number an- 
nexed is 87; and being dropt into ſpirit of wine, 
links to the degree whoſe number is 1003 whence 
it appears, that the ſpecifick gravity of water is to 
that of fpirit of wine, as 100 to 87. 

P2 Though 
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ſcveral liquors as are equal in magnitude to the im- LER Or. 
merſed parts of the bocy have all equal weights; XIII. 
but the magnitudes of bodies equal in weight, are. 
to one apother reciprocally, as their ſpecifick gra- 
vities; conſequently, in one and the ſame body 
E floating in different liquors, the parts immerſed are 
E reciprocally as the ſpecifick gravities of the liquors. 
On this * 4 wat is founded the HYDROMET ER; 
which is an hol! 

© ſtem of about 5 or 6 inches in length, oppoſite to 
© which, on the other ſide of the ball, adheres a 
© ſmaller ball filled in part with mercury, or ſome 
other weighty body, to the intent, that when the 
ball is ſet to float in water, or any other liquor, the 
ſtem may be kept uppermoſt, and in a poſition per- 


| now ſaid. To illuſtrate this in the caſe of water Exp. 12. 
| and ſpirit of wine. The +bydrometer being dropt 
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Though hydrometers may be uſeful in diſcovering 
the ſpecifick gravities of liquors for looſe and inz. 
curate computations, yet are they not to be depended 
on in caſes where great exactneſs is required, and 
that for two reaſons; Firſt, becauſe it is extremely 
difficult to graduate the ſtems ſo exactly, as that the 
numbers annexed ſhall truly expreſs the magnitude; 
of the parts below them. Secondly, becauſe, part. 
ly from the motion of the hydrometer in the liquor, 
and partly from the riſing of the liquor about the 
ſtem from the attractive force of the glaſs, it is hard. 
ly poſſible to determine with exactneſs the degree to 
which the hydrometer ſinks. Upon both which ac- 
counts, as alſo becauſe the method of determining 
the ſpecifick gravities of liquors by means of the 
glaſs bubble is much more eaſy and exact, this me. 
thod by the hydrometer is intirely laid aſide. 
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LECTURE XIV. 


Or Hy prRosTATICKS. 


Lr. IN this lecture I ſhall give you an account of the 
XIV. flux of water from REsERVOIRS through orifice; 
YI and Pipes. 


If water, flowing out at an orifice in the bottom of 
a veſſel, be kept conſtantly at the ſame height in 
the veſſel, by being ſupplied as faſt above, as it 
runs out below, the velocity wherewith it flows out, 
is as the ſquare root of the height of the water above 


the orifice. 


For if we ſuppoſe. the column of water which 
ſtands directly above the orifice, to be divided into 
an indefinite number of plates of an equal but ex 
ceedingly ſmall thickne!s, it is manifeſt, that what 
ever be the force, of gravity, wherewith the upp 
moſt plate preſſes upon the ſecond, the ſecond pref- 
ſes upon the third with a double force, and the — 
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that the plate which is next the orifice is preſſed 


aſs through the orifice, with the ſame velocity that 


| it would acquire in falling down that height ; but I 


proved in my lecture upon gravity, that the veloci- 


| ty whicha body acquires in falling through any ſpace, 
zs as the ſquare root of the ſpace; conſequently, 


the velocity wherewith the water flows out, is as the 


ſquare root of the height of the water above the 


| orifice, 
To confirm this by an experiment; let there be Exp. 1. 


two veſſels in all things alike, excepting that one is 


four times as tall as the other, the height of one be- 
ing 20 inches, and of the other 5 ; let each of them 


have a circular orifice in the bottom a fifth part of 
an inch in diameter; and being both filled with wa- 


ter, let them be ſet a running, and let the water be 


| ſupplied as faſt above as it runs out below; the tal- 
er veſſel will diſcharge about twenty one ounces in 


the ſpace of a quarter of a minute, and in the ſame 


ume the ſhorter will diſcharge about 11 ounces. 


Now, foraſmuch as the orifices through which the 
vater flows are equal, and likewiſe the times of the 


| flux, the quantities diſcharged are as the velocities, 


conſequently, the velocity wherewith the water 


| flows out of the taller veſſel, is to the velocity 


Wherewith it lows out of the ſhorter, as 21 to 11, 
that is, nearly as 2 to 1, which are the ſquare roots 
of the heights of the water above the orifices. 


P 3 As 
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n the fourth with a triple force, and ſo on; ſo LE cr. 


XII. 


| downward by the joint gravities of the ſeveral plate. 
© which lie above it, and likewiſe by the force of it's 
| own gravity, inaſmuch as there is no other plate 
beneath it whereon to reſt ; conſequently, from it's 
© own gravity, and that of the ſeveral plates above it, 
it does all at once receive as many equal impreſſions 
from gravity, as it would ſucceſſively in falling 
© down the height of the water; and of courſe, muſt 
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LzcT. As the preſſure ſuſtained by the lower parts ol 
XIV. water from the height of thoſe above, exerts it 
Wy» {cit with the ſame force laterally that it does down 
ward, 1t matters not whether the orifice through 
which the water flows, be at the bottom or ſide gf 
a veſſel; for the water will flow out of both with 
the ſame velocity, provided they are at equal depths 
below the upper ſurface of the water ; and there- 
fore, the velocity of water flowing out of an orifice 
in the ſide of a veſſel, is as the ſquare root of the 
height of the water above the orifice; as will ap- 
pear, by repeating the laſt experiment with veſſel 
whole orifices are in their ſides; for the quantitic 
diſcharged will be the fame as before. 

From what has been faid it follows, that if an ori. 
fice in the ſide of a veſſel, be ſituated as far above 
an horizontal plane, as it is below the upper ſurſace 
of the water, the water will ſpout from that orifice, 
to the diſtance of twice the height of the orifice x 
bove the plane. For inſtance, if AOBC be a vel- 
{cl full of water, O an orifice in the fide, whoſe 
height OD above the horizontal plane DH, is equal 
to OA, the diſtance of the orifice from the top ot the 
water; DH the horizontal diſtance to which the 
water ſpouts, will be double of OD, the height ol 
the orifice above the plane. For the ſpouting ws 
ter has two motions, one uniform from the preſſure 
of the water in the veſſel, in the direction OF per 
pendicular to the orifice, the other accelerated from 
the force of gravity in the direction OD perpend 
cular to DH; which two motions do by no means 
hinder one another, but by their combination caule 
the water to ſpout in the curve of a parabola. Nov, 
the velocity wherewith the water moves in the d. 
rection OF, being equal to the velocity acquired bj 
a body in falling from A to O, or from O to; 
in the ſame time that it falls from O to D, and b) 


ſo doing, reaches the horizontal plane, it will 
N 1 carne 
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carried in the direction OF, through a ſpace equal LE c T, 
to twice OD, (inaſmuch as all bodies whatever that XIV. 
move uniformly, with a velocity equal'to that which Cw 
z acquired by a body in falling through any height, 
do in the ſame time with that of the fall, deſcribe a 
© ſpace double of that of the fall); conſequently, 
the horizontal diſtance to which the water ſpouts, 
vill be equal to twice the height of the orifice above 

the plane. Thus, from an orifice in the ſide of a Exp. 3. 
© veſſel, the depth whereof below the ſurface of the 
water is 20 inches, the water will ſpout to the diſt- 
E ance of 38 inches on an horizontal plane, whoſe 
E diſtance below the orifice is likewiſe 20 inches; and 
| where the depth of the orifice below the top of the 
vater is five inches, the water will ſpout to the diſt- 
E ance of q inches on an horizontal plane ſituated at 
the diſtance of 5 inches below the orifice; ſo that 
in both caſes the diſtances to which the water ſpouts, 
are nearly double the diſtances of the planes below 
| the orifices z and they would be exactly double, 
| were it not that the water is retarded a little by the 


* 
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oppoſition it meets with from the air, 
The diſtances to which water ſpouts on an hori— 


| zontal plane, from orifices in the ſides of different 


veſſels, the orifices being at equal heights above the 


plane, or to one another as the ſquare roots of the 


heights of the water above the orifices. 

For ſince the orifices are at equal heights above 
the plane, the times of the deſcent of the water 
from the ſeveral orifices to the plane muſt be equal; 
conſequently, the horizontal diſtances to which the 
vater ſpouts, muſt be as the velocities wherewith it 
ſpouts; but thoſe velocities are as the ſquare roots of 
the heights of the water above the orifices ; conſe- 
quently, ſo muſt the horizontal diſtances. Thus, 
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if two veſſels be ſo placed, as that the orifices in Exp. 4. 


their ſides will be 20 inches above an horizontal 
plane, the height of the water in one veſſel being 


29 inches above the orifice, and in the other 5; the 
P 4 Water 


DC — — 
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L x c T. water will ſpout from the former, to the diſtans 
XIV. of 38 inches, and from the latter, to the diſtanc 
Ly Of 19 inches; but 38 is to 19, as 2 to 1; thati: 
as the ſquare roots of the heights of the water abox: 

the orifices, for the heights are as 4 and one, 

The diſtance to which water ſpouts from an ori. 

fice in the ſide of a veſſel, whatever be the height 
of the orifice above the plane, as alſo of the ws. 
ter above the orifice, may be thus determined; 
Pl. 6. let BR repreſent an horizontal plane, F an oriffce in 
Fig. 13. the ſide of a veſſel at any height above the plane, 
and AB the height of the upper ſurface of the wx 
ter above the plane. On AB as a diameter, de. 
ſcribe the ſemicircle ADB, and at F ſet off FE per. 
endicular to AB, and meeting the circle in E. 
'he diſtance to which the water ſpouts on the plane 
BR from the orifice F, 1s proportional to the line 
FE. 

For, from the nature of motion, the ſpace de- 
ſcribed, is as a rectangle under the time and velo- 
city; but in this caſe, the time of the motion is as 
the ſquare root of FB, and the velocity wherewith 
the water ſpouts, is as the ſquare root of AF ; conſe- 
quently, the ſpace through which the water runs in 
the horizontal direction, is as the ſquare root ofthe 
rectangle AFB; but, by the nature of the circle, 
the ſquare root of the rectangle AFB, is equal to 
FE; 2 the horizontal diſtance to which 
the water ſpouts on the plane BR from the oriſce 
F, is as FE. | 

Hence it follows, that the diſtance to which the 
water ſpouts, is as the ſine of the arch AE, whoſe 
verſed fine AF, is equal to the height of the water 
above the orifice. And, foraſmuch as any two 
ſines, which are equally diſtant from the center are 
equal, it follows, that the water muſt ſpout to the 
ſame diſtance from two orifices as F and L, whole 
diſtances from the center are equal; as allo, that 
it muſt ſpout to the greateſt diſtance from an orifice 
. it 
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de center, the ſine CD being in that cafe equal LE c T. 


o radius, and conſequently, the greateſt. 
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XIV. 


T0 confirm what has been ſaid; let a veſſel = —— 
» Whoſe height is 16 inches, and which is perforated Exp. 5: 


in the middle, and likewiſe at the diſtance of 5! 
i Winches above and below the middle, be filled with 
t vater, and ſet upon an horizontal plane; the water 
+ Will ſpout from the middle orifice to the diſtance of 
above 15 inches, and from each of the other two, 
to the diſtance of about 10 inches. 
All things being ſuppoſed as before, the diſtances 
to which the water ſpouts, ſetting aſide what little 
diſturbance may ariſe from the reſiſtance of the air, 
are equal to twice the ſines of the arches, whoſe 
verſed fines are equal to the heights of the water 
above the orifices. For, the diſtance to which the 
vater ſpouts from the central orifice C, is to the 
diſtance to which it ſpouts from any other orifice as 
F, as the ſine CD is to the ſine FE; but foraſmuch 
as the orifice C 1s as far diſtant above the plane as it 


% s below the ſurface of the water, the diſtance to 
ich Which the water ſpouts from that orifice is equal to 
ne- ice CB, or twice CD; conſequently, the diſtance 
« in o which it ſpouts from F muſt likewiſe be equal to 


ptwice FE, and ſo of any other orifice. 


out with ſuch a velocity, as is ſufficient to carry it 
to the ſame height with the water in the veſſel from 
ich it ſpouts. For the velocity wherewith it ſets 
out, is equal to the velocity acquired in falling down 
the height of the water; and, in my lecture upon 
(gravity, I ſhewed, that a body thrown directly u 

ward riſes to ſuch a height, whence if it be ler fall, 
[it will by the end of the fall acquire the ſame velo- 
city wherewith it was thrown up; conſequently, the 
water ſpouts with a velocity ſufficient to carry it 
[© an equal height with the water in the reſervoir; 
however, it cannot poſſibly arrive at that height, 


by 


Water which ſpouts perpendicularly upward, ſets Exp. 6. 
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LES r. by reaſon of the reſiſtance it meets with from ty Nas und 
XIV. air; which, as it cannot be taken off, muſt le; nent, thi 
t the heights of all jets whatever, ſo as to make then y dimir 
fall ſhort of the heights in the reſervoirs ; beſids Holute 
the water in the uppermoſt part of the jet, when it Where th 
has loſt all it's motion, reſts for ſome time on the Me pote! 
part next below it, and by it's weight obſtruds and mpedim 
retards the motion of the whole column, and thereby id whe 
leſſens it's height; and ſo great is the reſiſtance at. Nie cauſe 
ſing from this cauſe, as that the jet is frequently Miecreaſe : 
deſtroyed by it, the riſing water being by fits and Wſhigour o 
ſtarts preſſed down to the very orifice from which Ma ratic 

it ſpouts. bf the ca 
Exp. 7 By giving the jet a little inclination, the upper- Ne impe 
moſt parts, when they have loſt their motion u: Nie cauſe 

ward, are made to fall off from the reſt, whereby Nedimen 
the reſiſtance which ariſes from their weight  {ipplicd t 
taken aff. And this is the true reaſon why, ceteris Nn the ca 
paribus, ſuch jets as are a little inclined, riſe Wn the re 
higher than thoſe whoſe aſcents are perpend n the p 
cular. the forum 
The velocity wherewith water flows out of a cy- Neight o 

lindrical pipe inſerted horizontally into the ſide of Wand the 
a veſſel, is as the ſquare root of the height of the Wiſthe orific 

water in the veſſel above the place of the pipe's in. Wſcjefting 
ſertion directly, and the ſquare root of the lengti Ie mag 

of the pipe inverſly ; for ſince the pipe is cylin- eight o 

drical, the velocity wherewith the water flows outs the le 

at one end, muſt be equal to the velocity where- H for th 

with it flows in at the other; but the velocity Withe place 
wherewith it flows in, is in the proportion lde, DER 

down; for the preſſure of the incumbent water 1 P. 

the veſſel, cannot make the water which lies neut ter in th 

the orifice flow into the pipe, unleſs at the lam tte ware 

time it drives forward all the water contained 1 

the pipe; for which reaſon, the water in the pipe Wi" of th 

may be looked upon, as an obſtacle which reſilt 3 

and impedes the moving cauſe. Now, where 20% e 
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% under the diſadvantage of a clog or impedi- LE c T. 
nent, the potency of ſuch a cauſe is increaſed, either XIV. 
7 diminiſhing the impediment, or augmenting tg 
Molute ſtrength and vigour of the cauſe it ſelf; 
Lhere the ſtrength and vigour of the cauſe is given, 
the potency thereof increaſes in proportion as the 
mpediment leſſens, and leſſens as that increaſes ; 
ind where the impediment is given, the potency. of 
he cauſe increaſes, and leſſens in proportion to the 
acreaſe and diminution of the abſolute ſtrength and 
Ficour of the cauſe ; conſequently, the potency is 
na ratio compounded of the ſtrength or magnitude 
bf the cauſe, and of the weakneſs or ſmallneſs of 
the impediment ; that is, it is as the magnitude of 
he cauſe directly, and as the magnitude of the im- [| 
pediment inverſly ; or as the magnitude of the cauſe 
kpplicd to the magnitude of the impediment. Now, 
In the caſe before us, where the preſſure of the water 
In the reſervoir is the moving cauſe, and the water 
n the pipe is the impediment, the magnitude of 
the former is meaſured by a rectangle under the 
height of the water, and the orifice of the pipe, 
and the magnitude of the latter by a rectangle under 
the orifice of the pipe, and the length thereof; or 
rejecting the orifice as being ever the ſame in both, 
the magnitude of the moving cauſe, is as the 
height of the water, and that of the impediment, 
a5 the length of the pipe; and therefore, putting 
H for the height of the water in the reſervoir above 
the place of the pipe's inſertion, and L for the length 


ſol the pipe * will denote the preſſure of the wa- 


4 


= — 
N — 8 — * _ 
—— V gy —ů— —„— * . — 
— 


ter in the reſervoir, as leſſened by the reſiſtance of 
tie water in the pipe ; and putting O for the ori- 


be of the pipe, wil expreſs the force which 


drives the water into the pipe; and foraſmuch as 
lie motion generated in any time by a force acting 
conſtantly 
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Ex c r. conſtantly and uniformly, is as a rectang le under te 
XIV. force and time; putting T for the time that the 


9 2 0 . Hr Son: 
t to fl to th Jertion 3 

water continues to flow in e pipe. T 

will be as the motion generated in the water flowing Mifmade ſhi 


into the pipe; but the motion generated in the influent Mind it w 
water, is as the quantity which flows in, multiplic4 NMpunces, 
into the velocity wherewith it flows; and therefore, Mie quan 
or Q and V for the quantity and velocity, ifgeciproc: 


1 f 
is as QV; or, becauſe the quantity which pipe, W 


flows in, is in a ratio compounded of the orifice, 
time and velocity; by ſubſtituting O, T, V, which 
denote the orifice, time, and velocity, in the place 


of Q, we ſhall have. =OTV*; and ſtriking] 


out OT from both ſides, we ſhall have f = V*; 


conſequently, V is as I that is, the velocity 


where with the water flows out of the reſervoir into 
the pipe, and conſequently, the velocity wherewith 
it flows out of the pipe, is as the ſquare root ol 
the height of the water in the reſervoir, applied to 
the ſquare root of the length of the pipe. 
Hence it follows, that if the length of the pipe 
be varied whilſt the height of the water in the rt: 
ſervoir continues the ſame, the quantities diſcharged 
in any given time, will be to one another inverly 
as the ſquare roots of the lengths of the pipe; fo! 
ſince the diameter of the pipe, and the time of the 
flux are given, the quantities diſcharged mult be 
the velocities wherewith they run out, that 15, in 
the inverſe ratio of the ſquare roots of the lengtis 
of the pipe. 
To confirm this by an experiment; let a pipe ol 
16 feet in length, and half an inch in _— „ 
mierte 
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inſerted horizontally into the ſide of a veſſel; and LE Cr. 
ue et the water in the veſſel be kept conſtantly at the XIV. 
e 'eight of three feet above the place of the pipe's in- === 


Wertion 3 the pipe when ſet a running will diſcharge 
About 1614 ounces in half a minute; let it then be 
made ſhorter by 12 feet, and ſet a running again, 
End it will in the ſame ſpace of time diſcharge 321 
ounces, that is near twice as much as before; ſo that 
the quantities diſcharged will be to one another 
ciprocally as the ſquare roots of the lengths of the 
pipe, which in this caſe are as 4 to 1. | 


145111. TABLE II. 


— 
— 2 
—— VB oo —œ 


hice, 
nich 2 7 | 
lace 2 D | ns 
king 1 1430; | 74 
V.; 4 321 4 + | 857 
—— | 
" . 
into 16 [161] 3 16 | 81 
with 3 3 
t of 25 [132 5 25 74 
(1 t0 SR | 
36879 36 | 674 
We 
e re: 91714 49 65 
irged M S 
155 6 | 65 | 20 64 | 582 
; for e l A008 . 
f the | 3x | 61 | 29 81 | $6 
be 28 —_— 1 
8, in [100 | 59 | 42 100 54 
noths 
pe of 
r, be June 


228 Or HYDROSTATICKS. 


LecT, June the 21ſt, 1722, I made ſeveral experiment 
XIV. concerning the motion and diſcharge of Water 
◻ through pipes, in the following manner. 

There was a reſervoir of 3 feet in height, which 
was kept conſtantly full during the flux of the we 
ter; at the bottom was inſerted horizontally a pipe 
of half an inch in diameter, whoſe length when 
greateſt was 100 feet, but being compoſed of ſeye. 
ral pieces, was capable of being made of ten diffe. 
rent lengths ; which lengths were the ſquares of the 
natural numbers. Into this pipe were inſerted ho- 
rizontallly (as occaſion was) ten other pipes, each of 
them 6 inches long, and + inch in diameter; the 


$ 


places of their inſertion into the main pipe were dif. 571 
tant from the reſervoir the ſquares of the naturii | 63% 
numbers in feet; the axes of the ſmall pipes made — 
an angle of 80 degrees, with that of the main pipe, 631 
the reaſon why they were inſerted in ſuch an ange | 64 
was, that it had been obſerved that the water fow-W:: | 69 
ed out of orifices made in the main pipe ncarly 28 
that angle. 84 
in 
76 


In Tas. I. L denotes the length of the main 
pipe (the ſmall pipes not being inſerted), Q the 
quantity in zroy ounces diſcharged in half a minut 
| of time, T the time in ſeconds which the water 
? took to flow from the reſervoir to the extremity ol 
the pipe, the ſame having been firſt exhauſted. 


In Tas. II. D denotes the diſtance from the ꝶ 
| ſervoir, at which the ſmall pipe was inſerted int 
| the main pipe; Q the quantity in troy ounces di 

Charged by the ſmall pipe in half a minute of time 
the main pipe being ſtopped. 
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In Ta B. III. the numbers at the top denote the 
n ſmall pipes, P the main pipe, and the numbers 
low denote the quantities in roy ounces diſcharged 
i half a minute of time, by the pipes denoted by 
numbers directly above them. The blanks de- 
die, that the pipes denoted by the numbers directly 
wre them at the top, were ſtopped at the time 
at the others diſcharged. 
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N this lecture I ſhall give an account of the 
weight and preſſure of the air, and of ſome re. 
markable effects ariſing from it. 


— Though the weight of the air which ſurrounds us, 


is not perceived by reaſon of the equal preſſur 
which 1t makes on all parts of our bodies ; yet that 
it is really heavy appears from hence, that veſith 
when exhauſted are leſs ponderous than when filled 
with air. Thus a glaſs bottle, whoſe contents ar 
nearly 40 cubic inches, being exhauſted by means 
of the air pump, will be found to ſuffer a ſenſible 
loſs of weight; when I formerly made the experi 
ment, the loſs of weight amounted to ten grains, and 
the magnitude of the exhauſted air I found to þ 


34 cubic inches; for a immerſing the bottk 


in water, and opening the valve which covered the 
mouth, the quantity of water which flowed in and 
poſſeſſed the place of the exhauſted air, amounted 
to 8628 grains, which being divided by 2533, the 
number of grains in a cubic inch of water, giv 
34 in the quotient ; ſo that from this experiment it 
is manifeſt, that 34 cubic inches of that air, whic 
more immediately ſurrounds us, are equal in weight 
to ten grains; and that the ſpecifick gravity of the 
ſame air, is to the ſpecifick gravity of water, as ten 
to 8628, or, as one to 8624 ; the ſpecifick gran! 
ties of bodies equal in bulk, being to one anothet 
as the abſolute weights of the bodies. | 
As the air riſes above the ſurface of the earth, i 
ous rarer, and conſequently lighter ; a gt 
ulk of air being lighter at the diſtance of a mil 


than at the earth's ſurface, and lighter again at the 
1 diſtance 
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-2:nce of two miles, and ſo on continually, And LE Or. 
ct notwithſtanding this diminution of gravity in XV. 
e ſuperior parts of air, ſo great is the height of the: 1 
mmoſphere, as to render the weight of the whole | 
ery conſiderable z as will appear from the following 
xperiment. 

Let a piece of common glaſs be placed as a cover Exp. 2. 
n the top of a receiver; and upon exhauſting the 

r the glaſs will at firſt be preſſed cloſe to the re- 

tiver, and at length broken by the weight of the 


— — — ea, + ̃ ̃ —— — 


f the 


WC fe- 


asu, which reſts upon it. 3 ä j 
eur While the air continues undiminiſhed in the re- j 
t tha ſeiver, it does by virtue of it's elaſticity preſs as | 
ele ongly againſt the lower ſurface of the glaſs, as | 


Les the incumbent air by means of it's weight upon 
e upper ſurface ; as ſhall be ſhewn hereafter , 
mnſequently, as long as the air remains undimi- 
iſhed in the receiver, the weight of the incumbent 
r can have no ſenſible effect on the glaſs; but up- 
n leſſening the quantity, and therewith the ſpring 
the included air, the glaſs being no longer ſup- 


filled 


ts are 
means 
nſible 


xperi· 


8, and 


bot ported from below, is preſſed down, and broken 
ede the weight of the air above; and for the ſame 
n zn on, a ſquare glaſs phial when exhauſted cracks 
unte d flies to pieces. 


From the weight and preſſure of the air on the 
urface of liquors it is, that they are made to riſe {1 
| exhauſted tubes open at one end, as will appear : 


„glue 


vent It 


Which em the following experiments. 
weigh Let a glaſs veſſel with mercury be placed under a Exp. 3. 
of Newer, and let a tube open at one end be ſuſpend- 


d above the veſſel in ſuch a manner, as that the 
pen end may at pleaſure be let down into the mer- 
ty; if then, the air being drawn out of the re- 
aver, the tube be let down, the mercury will not 


18 ten 
gray 
10thet 


th, M therein as long as the receiver continues empty z 
give vt upon re-admitting the air, it will immediately 
mik nd. The reaſon of which is, that upon ex- 


at the 
ſtancd 


2 hauſting 
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LE T. hauſting the receiver, the tube is likewiſe empt 
XV. of air; and therefore, when it is immerſed in: 
- mercury, and the air re- admitted into the receive 
all parts of the mercury are preſſed upon by t 

air, except that portion which lies beneath the gr 

fice of the tube; conſequent]y, it muſt riſe in t 

tube, and continue ſo to do, until the weight 

the elevated mercury preſſes as forcibly on that po 

tion which lies beneath the tube, as the weight d 

the air does on every other equal portion with 

the tube. But to proceed to a ſecond experimet 

of the ſame kind. 

Pl. 6. Let two glaſs tubes as A and B, each above 
F 1 inches long, of which A is open at one end on 
P. 4. but B at both, be ſo contrived, as by means 
ſcrews, to be let into the little glaſs veſſel CD, ff 

the manner repreſented in the figure. A being hl 

ed with mercury, and then ſcrewed into the veſſq; 

let mercury be poured into B, till both that aq; 

the veſſel are full; let then the veſſel be invertedf 

Pl. 6, and let the extremity of B be immerſed in a vellelt 
Fig. 15. mercury, the mercury will deſcend through B, an 
| continue to do fo, till A is emptied, as alſo ſo mud 
M4 of the veſſel CD as is above the level of the upp 
. orifice of B. This being done, let A be ſo tar ut 
ſcrewed, as to permit the air to paſs betwern tl 
threads of the ſcrew into the empty part of the v 
[ fe] ; upon the admiſſion of the air, the mercul 
(i will riſe in the tube A. For, from the circuf 
ſtances of the experiment it is evident, that the pa 
of A which ſtands above the level of the nicrcull 
remaining in the veſſel, is perfectly void of a 
conſequently, while the mercury all around WY 
tube is preſſed by the newly admitted air, that q; 
tion which lies beneath the tube, ſuffers no pied; 
from above; and of courſe muſt rite, and cont! 
to riſe, until the weight of the elevated mech 
becomes a balance to the preflure of the air with; 
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of wood or lead, C a plug fixed near the bottom of 
the pump, With an hole in the middle, covered by 
a leathern valve, ſo contrived as to open and give 
way to the water in paſſing upward, but to ſhut 
E cloſe and obſtruct the 8 downward; D a ſe- 
cond plug of the ſame kind, and perforated in like 
manner with the former. This plug is commonly 
called the ſucker or piſton, and being moveable, is 
drawn up and thruſt down at pleaſure, by means of 
the iron rod E to which it is faſtned. The ſides 
of the ſucker are every where caſed with leather, 
E whereby it is made to fit the cavity of the pump 

ſo exactly, that neither air nor water can paſs be- 
E tween, At ſome diſtance above the ſucker is an 
| orifice as O in the ſide of the pump, through which 
the water is diſcharged at the time of working, in 
the following manner. The ſucker being drawn 
up, the ſpace between that and the lower plug is 
| [ft void of air; then foraſmuch as the water, which 
ſtands about the pump, is every where preſſed by 
| the air, except in that part which anſwers to the 
| ole of the plug, it muſt there give way, and paſs 
up into the cavity of the pump; and upon depreſ- 
| ling the ſucker again, as it cannot return downward 
by reaſon of the valve, which ſhuts cloſe upon the 
hole, and ſtops the paſſage, it riſes up through the 
lucker, and lodges itſelf thereon ; ſo that upon the 
next elevation of the ſucker, it is carried towards 
* op of the pump, and thrown out at the ori- 

ce O. 

It inſtead of an orifice above the ſucker, we ſup- 
poſe one juſt above the lower plug, with a valve 
opening outwardly, ſo as to ſuffer the water to flow 
vt, but not to return. And if we ſuppoſe the 

2 ſucker 
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By the weight and preſſure of the air, water is I E Or. 
niſed in common pumps, and fire engines, as will XV. 
appear by conſidering their ſtructures, and the man- 
ner in which they work. AB repreſents the body pi = 

of a pump, which is commonly an hollow cylinder Fig; 1. 
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LI r. ſucker to be ſolid without a perforation, the fgur 
XV. will repreſent a forcing pump, or fire engine, chat whe 
A which the water riſes above the lower plug in the ror th-e9/ 
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ſame manner, and from the ſame cauſe, that it do Was {00n * 
in a common pump; and by the preſſure made uy. ¶ tbe air c 
on it by the ſucker when thruſt down, it is forced Wabundan 
out at the orifice, and that fo ſtrongly, as by the rm thi: 
help of leathern pipes, to be conveyed to the tops cuſe of 
of the higheſt houſes. lobſerves, 
The air in any particular place does not alway, s contr: 
continue of the ſame weight, but is ſometimes hea MW obtain 3 


vier, and ſometimes lighter; which plainly argues the ſame 


a variation in the quantity, inaſmuch as the gravity Now, w. 
of any body is proportional to the quantity of mar Wo! it, m 
ter which it contains. From what cauſe this variation air does“ 
ariſes, is not eaſy to determine. Doctor Harty} that the 
is of opinion, that the diminution of the quantity of cecds the 
air in any place, is the effect of two contrary winds proportie 
blowing from that place, whereby the air is carried The C 
both ways from it; and of conſequence, the incun t, 
bent cylinder of air is diminiſhed; as for inſtance, weather-; 
if in the German ocean it ſhould blow a gate Henni 
weſterly wind, and at the ſame time an eaſterly wn the n: 
in the Iriſb Sea ; or if in France it ſhould blow It conſiſt 
ſoutherly wind, and in Scotland a northern; that pitt long, clo 
of the atmoſphere which is impendent over E1z/0.98”-*cury 
would, he thinks, be thereby carried off and dim cylindric; 
niſhed. He likewiſe conceives, that the increal 08” lodged 
the quantity of air in any place, is occaſioned by ti all out, 
blowing of two contrary winds towards that place ct emp 
whereby the air of other places is brought ico, fo: 
and accumulated. And upon this foot, he c= t 
vours to account for what is commonly obſerved tube, is o 
this part of the world; namely, that the atmoſpet t mer 
cæleris parivus, is always heavieſt upon an eaten ben the 
or north. eaſteriy wind. This happens, ſays he, be pillar of 
- cauſe, that in the great Atlantick ocean, on tis fe Cnſeque! 
the thirty fifth degree of north latitude, the /"> the 


and ſouth-weſterly winds blow . almoſt always; mult do | 
| W er weig! 
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; that whenever the wind comes up here at eat orLt cr. 
„ ortb-eaſt, it is ſure to be checked by a contrary gale, XV. 
don as it reaches the ocean; for which reaſon, . 
b the air over us muſt needs be heaped up in greater 


\ WE :bundance, as often as thoſe winds blow. To con- 
em this hypotheſis of contrary winds being the 
cauſe of the variation in the weight of the air, he 


K Jobſerves, that within the Tropicks, where there are 
„o contrary currents of air, this variation does not 
obtain; but that the atmoſphere continues much in 
dee ſame ſtate of gravity in all kinds of weather. 
Now, whether this, or whatever elſe, be the cauſe 
a. of it, moſt certain it is, that the weight of the 
er does vary; and fo conſiderable is the variation, 
bat the weight of the air in it's heavielt ſtate, ex- 
of cds the weight thereof when it is lighteſt, in the 
des proportion of almoſt ten to nine. 

ried The changes which the air undergoes as to it's 


in Wgravity, are obſerved by means of the Barometer or 
weather-glaſs ; which, as it was the invention of 
TokR1CELL1us, is known among the naturaliſts 
by the name of the Torricellian tube or inſtrument. 
It conſiſts of a ſmall glaſs tube, about three feet 
long, cloſed at one end, which being filled with 
mercury well purged from air, is inverted into 
Cylindrical box of timber, wherein ſome hc 
$ lodged z upon the inverſion ſome of the mercury 
als out, whereby the upper part of the tube is 
et empty whilſt the lower part continues full. 
Now, foraſmuch as it has appeared from experi- 
ments, that the ſuſpenſion of the mercury in the 
be, is owing to the preſſure of the air on the ſtag- 
ant mercury; the pillar of mercury wh.ch is kept 
p in the tube, muſt always be equal in weight to a 
pilar of the atmoſphere of the ſame thickneſs 
conſequently, as the weight of the atmoſphere va- 
Ks, the height of the mercury in the barometer 
mult do ſo too; the mercury conſtantly riſing as 
ue weight of the air increaſes, and ſinking as that 
)5J::Qag:: 1 leſiens. 
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LI c er. leflens. That the minute variations in the height g 


XV. the mercury may be obſerved, that part of tj, Gupward, 
tube which lies between the limits of the leaſt nd manner! 

greateſt height, to wit, from 28 to 31 inches, iz [2 or diq 

graduated ; each inch being divided into ten a may 

twelve equal parts by means of a table, whereunt ade wit 

the tube is fixed; whereon likewiſe are inſcribed u er the an 

their proper places, ſuch conſtitutions of the air an! mult the 

weather, as have been obſerved to accompany ditic. until the 

rent heights of the mercury. In contriving thiz | the hort 

inſtrument, care muſt be taken to make the box, inches, n 

which contains the ſtagnant mercury, fo large, a and leaſt 

that upon the riſing or falling of the mercury in de otherwiſe 

tube, the height of that in tue box may ſufter lite ra 

or no variation; for ſhould the ſtagnant mercury of the al 

fink upon the riſing of the mercury in the tube, ce 

riſe as that ſinks, which muſt be the caſe where tee 

i! box is ſmall ; the riſe or fall of the mercury in ue fall of 
|| tube will appear to be leſs than it really is ; as f ſen 
| inſtance, if when the mercury riſes half an inch in ar heigh 
ly the tube, it does at the ſame time fall a quarter in box whie 
| the box, the rife in the tube, which appears to be be much 
| only half an inch, is in truth three quarters; becauſe imer; 
| the height of the mercury is always to be computed il. r 7 
from the ſurface of that in the box. So, on the 41 

e 


other hand, if the mercury by falling half an inch 
in the tube riſes a quarter in the box, the true c- 
ſcent in the tube is three quarters of an inch; ina. 
much as the height of the mercury in the tube above 


ter, inſte 
up in the 
Varometet 


the ſurface of the ſtagnant mercury in the box, a 
leſs after the fall by three quarters of an inch. Brien 
making the circular area of the box thirty or forty 10 on 
ti mes greater than that of the tube, (which 1s gene: Up to a 
rally the caſe, the tubes of moſt barometers being vt the ti 
but one fifth of an inch wide, and the boxes 3 o be ſo 
inch and a quarter) the ſtagnant mercury in tbe upon the 
box may be kept conſtantly at the ſame height very 3 OY 


nearly; the greateſt variation of the height 0 
amounting, to more than the tenth or twellth 14! 
of an inch, which is inconſiderable. | 
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ng a or diagonal barometer ; in which the inclined part Fl. 7. 
, ' . Fig. 2. 
I may conſtitute an obtuſe angle of any magni- 

„ tude with the perpendicular part BC; but the near- 


er the angle approaches to a right one, the longer 
muſt the inclined part be; for it muſt be continued 


0 until the perpendicular altitude thercof AH, above 
ha the horizontal line HB, becomes <qual to three 

Finches, which is the difference between the greateſt 
J and leaſt height of the mercury in the barometer ; 


otherwiſe, the mercury will not have room to riſe to 
it's utmoſt height, at ſuch times as the conſtitution 
of the air requires it. This barometer ſhews the 
minute variations in the weight of the air much 
more accurately than the former; becauſe the riſe 
or fall of the mercury in the inclined part AB is 
very ſenſible, when an alteration in the perpendicu- 
lar height 1s ſcarcely to be perceived. But then the 
box which contains the ſtagnant mercury, ought to 
be much larger in proportion in this than in the 
former ; becauſe in this, a much larger quantity of 
mercury riſes into, and falls out of the tube, upon 
the changes of the weather. 

If the lower part of the tube in the firſt barome- 
er, inſtead of being inſerted into a box, be turned 
up in the form of a crook, it is then called a curved 
barometer, in which the crooked part generally termi- 


d upon more or leſs by the incumbent air, is forced 
up to a greater or ſmaller height in the ſtrait part 
ot the tube, In this barometer the bubble ought 
o be ſo large in proportion to the tube, as that 
upon the greateſt variation of the height of the mer- 
cuty in the tube, the height thereof in the bubble 
ay not vary above one tenth of an inch; the 


Q 4 neceſſiq 


If the tube inſtead of being continued directly LE Cr. 
Jopward, be bent at the height of 28 inches, in the XV. 
manner here repreſented, it is then called an inf. 


rates in a large bubble open at top. The bubble pi 7. 
contains the ſtagnant mercury, which, as it is prel- Fig. 4. 
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Le c T. neceſſity there is for this, is evident from what ys 
XV. ſaid concerning the magnitude of the box in tte 
[ firſt kind of barometer. 

Beſides the barometers hitherto mentioned, ther 
is the wheel, as alſo the pendant or conical baromety 
and others of various kinds ; which, however the 
may differ as to their ſtructures, do all agree n 
ſhewing the changes in the weight of the air, by 
the riling and falling of the mercury in their tube; 
wherein it ſometimes, though very rarely, deſcent; 
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upon tl 


as low as twenty eight inches; and at others rifst Since 
thirty one; the mean height thereof being rwenry ſo pond 
nine inches and an half. So that a pillar of de chick, 
moſphere, in the mean ſtate of it's gravity, is equi grains; 
in weight to a pillar of mercury of the ſame thic ſurface 
neſs, and whoſe altitude is twenty nine inches f tain abc 
an half. Whence it follows, that an inch ſquare the atm 
the earth's ſurtace, or of any other body contiguou the we 
thereto, ſuſtains a preſſure from the incumbent - larger | 
moſphere, when in the mean ſtate of it's gravii, greater 
equal to ſeventeen pounds, eight ounces, and tit come 
grains; that being the weight of a ſquare pill WF prefſur 
of mercury one inch thick, and twenty nine abe obſe 
an half high. by us, 
From this great preſſure of the air it is, that uo put the 
brazen hemiſpheres, whoſe diameter is three inch prefſur 
and an half, being laid one upon another, and then body, 
exhauſted, cling ſo faſt together, as to require abo part, c 
150 pounds to ſeparate and draw them aſuncer. WW the co 
And it muſt be obſerved, that as the globe in ths Keep a 
experiment cannot be perfectly exhauſted, that doing, 
ſmall portion of air which remains within, bye cale is 
panding itſelf, contributes to the ſeparation of tte the air 
hemiſpheres; for which reaſon, they are drawn & preſſui 
ſunder by a leſs weight than that wherewith the a comes 
preſſes them together; for the diameter of the ſpire an op! 
being three inches and an half, the area of dhe re: 
greateſt circle is nine ſquare inches and three fi the ai; 


nearly ; conſequently, the weight of that pillar ct 
ur 
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ur which preſſes the hemiſpheres together, is not LE c T. 
les than 162 pounds, even in it's lighteſt ſtate, XV. 
when the mercury in the barometer ſtands at the p? 
beight of 28 inches only. If the globe, after it 
has been exhauſted, be hung within a receiver, up- 
on drawing the air out of the receiver, the lower 
bemiſphere will fall off from the other; which 
plainly ſhews, that their coheſion is owing to no- 
thing elſe but the weight and pꝛeſſure of the air 
! upon them. a 
Since the atmoſphere even in it's lighteſt ſtate is 
ſo ponderous, as that a ſquare pillar of it one inch 
thick, weighs ſixteen pounds, nine ounces, and 461 
grains; it follows, that a middle ſized man, the 
ſurface of whoſe body is generally allowed to con- 
| tain about fifteen ſquare feet, ſuſtains a preſſure from 
the atmoſphere, when in it's lighteſt ſtate, equal to 
the weight of 31144 pounds; which preſſure on 
larger bodies, and in heavier ſtates of the air, is ſtill 
greater; and therefore it may well be aſked, how 
it comes to paſs, that we are not ſenſible of this 
pteſſure, great as it is. In anſwer to which it muſt. 
be obſerved, that ſuch preſſures only are perceived 
by us, as do in ſome meaſure move our fibres, and 
put them out of their natural ſituation. Now, the 
| preſſure of the air being equal on all parts of the 
body, cannot poſſibly move the fibres of any one 
part, or force them from their ſituation ; but on 
| the contrary, muſt by reaſon of it's uniformity 
keep all the fibres in their proper places, and as fo 
doing, cannot be perceived. And that this is the 
cale is evident from hence, that if the preſſure of 
the air be taken off from one part of the body, the 
preſſure on the neighbouring parts immediately be- 
comes ſenſible. Thus, if a man covers the top of 
an open receiver with his hand, upon exhauſting 
the receiver, and thereby taking off the preſſure of 
the air from the palm of the hand, he will perceive 
| a weight 
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a weight on the back of his hand, and that ſo rear 


as to put him to pain, and almoſt endanger the 
breaking of his hand. | 


L KC:1:U. RE XVI. 
Of Pant ouMATICKS. 


Y the elaſticity of the air, whereof I intend 
to treat in this lecture, we are to underſtand 


Wo that force wherewith the particles of air expant 


Exp. 1. 


themſelves, and recede from each other, whenever 
the preſſure from without, which keeps them to- 
gether, is taken off. The method which I ſhall 
obſerve in treating of this force is, Firſt, to ſhcu 
from experiments, that the air is really indued with 
ſuch a _ and, Secondly, to . enquire into its 
nature and Jaws. 

As to the firſt; if a little warmed ale, or any 
other liquor ſomewhat glutinous be put into a glals 
and included in a receiver, upon exhauſting the te- 
ceiver the liquor will riſe in large frothy bubbles 
and run over the glaſs. 

As the liquor is glutinous, it retains a great num- 
ber of airy particles, which upon the removal of the 
outward air, and therewith the preſſure which it 
makes on the liquor, dilate and expand themſcycs; 
and foraſmuch as ey cannot readily extricate 
themſelves from the liquor by reaſon of it's clam- 
mineſs, they raiſe it up, and carry it over in the form 
of froth. And for the ſame reaſon it ſeems to be, 


that mead, cyder, and moſt other domeſtick wines 
after they have been bottled a while, upon drawing 
the cork, ſpurt out and fly. For as they arc all in 
ſome meaſure glutinous, they retain a good quant. 


ty of air; which upon corking the bottle rh 
chien 


denſed 
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E monly 
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© monly undergo in the bottle, a freſh ſupply of air 
s generated, equal in denſity to the former. When 
there fore upon drawing the cork, the extraordinary 
preſſure ariſing from the condenſed air in the neck 
of the bottle is taken off, the air which is diſperſed 
through the liquor, expands it ſelf with greatf orce, 
and not finding a ready paſſage between the parts of 
the liquor, which by reaſon of their clammineſs do 
| not eaſily ſeparate, drives the liquor before it in the 
manner of a ſpout. But to proceed; 

| The expanſive force of the air is likewiſe evident 


of a globular form, and containing a ſmall quanti- 
ty of water, have a ſmall glaſs tube open at both 
| ends, inſerted into it fo far as that the lower end 
may be below the ſurface of the water; and let the 
inſertion be made by means of a ſcrew and a collar 
| of leathers, in ſuch a manner as that no air may 
| paſs into or out of the bottle; let then the whole 
| apparatus be placed under a tall receiver, and upon 
exhauſting the air out of the receiver, the water will 
riſe up through the tube in the form of a jet, which 
will be higher or lower 1n proportion as the receiver 
is more or leſs exhauſted ; the reaſon of which is, 
that the air included in the bottle by endeavouring 
to expand it ſelf, preſſes upon the ſurface of the 
water, which theretore muſt rife in the tube, as ſoon 
a the preſſure of the outward air which keeps it 
down is leſſened ; and the greater the diminution of 


that external preſſure is, the higher the water muſt 
be thrown. | 


included, be placed under a receiver, upon drawing 
the air out of the receiver the bladder will ſwell, 
and the ſwelling will be greater or leſs in pro- 
portion as the receiver is more or leſs * ; 
Which 


genſed by reaſon of the condenfation of the ait LE Cr. 
$ chich is lodged in the neck of the bottle; beſides, XVI. 
| by the flight fermentation which ſuch liquors com] 


ſtom the following experiment. Let a glaſs bottle Exp. 2. 


It a bladder wherein a ſmall quantity of air is Exp. 3. 


242 
Le c T, which plainly argues an expanſive force in the 


XVI. included air; as does likewiſe the burſting of: WP vheret 
full blown bladder in an exhauſted receiver; 3 
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| of the 


other; 


has been thought by ſome to be a full and ſatisfacto. 
ry account. But that great philoſopher Sir [£440 
NewrToN, was of opinion, that the expanſive force 


of the air is altogether. inexplicable on the foot of 
| | Tills, 


2 4- alſo the cracking of a ſquare glaſs phial when clo. WW «© T 
Exp. 6, fopped. 3 « follo 
If a ſmall ſiphon, having a weight faſtened fron The 
the handle of the piſton, and being cloſed at the WW heat 
end fo as that upon drawing up the piſton no air WM the! 
can get in, be ſuſpended in an inverted poſition WM « fron 
with the weight downward, and then covercd with « ſtren 
a receiver; upon drawing part of the air out of time 
the receiver, the weight will deſcend, and dray « mor 
down the piſton ; and upon the re- admiſſion of the « of a 
air it will riſe again. © exPs 
When part of the air is drawn out of the recti. WF « part 
ver, that portion which remains within expands it „rolle 
ſelf, whereby it's ſpring is ſo far weakened, as not to „ thar 
be able to ſtand againit and ſupport the weight, tor BF Nov 
which reaſon the weight deſcends ; whereas, upon repelli 
the return of the air which was carried off, the ch. next 2 
tick force is ſo far increaſed, as to become an over- to ima 
balance for the weight, and upon that account repelli 
drives 1t up. power 
From this and the foregoing experiments it fully particl 
appears, that the air is indued with an expansive follow 
force. Whence that force ariſes, and what the lu 
of it's action is, comes now to be conſidered. PR 
The naturaliſts were formerly of opinion, that with a 
the elaſticity of the air was owing to the ſhape and thoſe, 
figure of it's parts; for they ſuppoſed each particle force © 
of air to conſiſt of ſeveral branches, which being be in a 
of a pliable nature, were capable of being compte. centers 
ſed and ſqueezed together by any outward torce, and ters, 6 
of expanding and ſpreading themſelves abroad upon ter, 
the removal of the compreſſing force; and th = 


preſſes 


E 
7 


than a repulſive power. 
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this, or indeed any other hypotheſis, except that LR c T, 
Lok the air's being indued with a repelling power, XVI. 


whereby the particles recede and fly from each 
other; his words are theſe, 


« That there is a repulſive virtue, ſeems alſo to 


follow from the production of air and vapour. 
The particles when ſhaken off from bodies by 
« heat or fermentation, ſo ſoon as they are beyond 
a the reach of the attraction of the body, receding 
from it, and alſo from one another with great 
| « ſtrength, and keeping at a diſtance, ſo as ſome- 
| « times to take up above a million of times 
more ſpace than they did before in the form 
of a denſe body; which vaſt contraction and 
| « expanſion ſeems unintelligible, by feigning the 
« particles of air to be ſpringy and ramous, or 


« rolled up like hoops, or by any other means 
Now, ſuppoſing this to be the caſe, and that the 
repelling power of each particle exerts it ſelf on the 
next adjacent particles only, as Sir Isa ac ſeemed 
to imagine, I ſhall ſhew you what the law of this 
repelling power 1s, or, in other words, how this 
power is varied, by varying the diſtance of the 
particles; and in order thereto, ſhall lay down the 
following PRO POSITION. | 


PRO SY. If a fluid be compoſed of particles endued 
with a repulſive power, ſo as that each particle repels 
thoſe, and thoſe only, which are next it, and if the 
force wherewith two adjacent particles repel each other, 
be in a given reciprocal ratio of the interval of their 
centers , that is, Putting 1 for the interval of the cen- 
ters, and P for the index of the given power of that 
interval; I ſay, if two adjacent particles repel each 


; 1 5 
other with a force that is as 17 the force which com- 


preſſes the fluid, is as the cubic root of that powwer of 
the 
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| ( 
L c T. the denſity of the fluid, whoſe index is P increqſ} þ 

XVI. 2, or P+2; that is, putting F for the Compreſſug oom o 

KFerce, and D for the denſity of the * F is a] | ive 

raiſed up to the power whoſe index is —I=, Eenlity 

Cord 

Exp. 7. For the proof of this, let a portion of the ff the 

be contained in a given cubic ſpace, whoſe up: Nich c 

Pl. 7. ſurface is denoted by the ſquare ABCG, the con. Vith to! 

Fig 5 preſſing force being applied to that ſurface. enters. 

The elaſtick force of the fluid, which withſtane; 
the compreſſing force, and is exactly equal thereto, For { 
is the force of thoſe parts only which compoſe the With likew 
upper ſurface; becauſe the repelling forces of th: hoſe r 
particles are ſuppoſed to exert themſelves on thot: M Nrarticles 
particles only which lye next them, and not to ex. | Henc 
tend to particles more remote. But the force of the ith fol 
ſuperficial parts, is as the number of particles in the Whkeesof th 
ſurface, and the force wherewith any two adjacent roport! 
particles repel each other conjointly. Now, the ill app 
number of particles in the given ſquare ſurface, is Let: 
reciprocally as the ſquare of the diſtance of the ce filled 

: r — ſuppoſe 

ters of two adjacent parts; that is, as N an he Air 
: ; | meaſuri 

by ſuppoſition, the force wherewith two part- . cg tl 

I 
cles repel each other, 1s * and therefore, the Ar. 
elaſtick force of the fluid, and of conſequence the n mY 
1 . 

6 ä is as ——. Ihe denſit It ſtands 
compreſſive force, or F, is as 1 / Sox 
of the fluid contained in the given cubical ſpace, 5 WW Ficght « 
inverſly as the cube of the diſtance between thi * 

| "EFT IS 
centers of the particles; that is, D is as —5"» and! Jound to 

1 chat the 
is 23 ; and therefore, by ſubſtituting —-in the eſſes un 
a ä 7 portiona 


D3 
room 
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dom of I, F is as D 


2 IN 
; that is, the com- 


kenſity of the fluid, whoſe index is P 2. 


CoxoL: From this propoſition it follows, that 
kf the denſity of an elaſtick fluid be as the force 
vhich compreſſes it, the particles repe] one another 
with forces that are inverſly as the diſtances of their 


Centers. | 


. 2 . | is 
For ſince F 1s as D, is equal to unity, and 


so likewiſe is P; conſequently, the P power of I, 
hoſe reciprocal expreſſes the repulſive force of the 
particles, 1s equal to T. 

| Hence the particles of air muſt repel one another 
with forces reciprocally proportional to the diſtan- 
es of their centers, becauſe the denſity of the air is 
proportional to the force which compreſſes it; as 
ill appear from the following experiment. 


> filled up with mercury to ſome {mall height, 


meaſuring the length of BC, that part of the ſhort- 
leg that is filled with air, which air, it is evident, 
compreſſed by the weight of the atmoſphere; 
et mercury be poured in at A, till the height there- 
df in the longer leg above the height of the ſame in 
the ſhorter, becomes equal to the height at which 
t ſtands in the barometer, by which means the air 
n the ſhorter leg will be compreſſed by twice the 
weight of the atmoſphere ; let then the length of 
hat part of the leg which is poſſeſſed by the air un- 
er this double preſſure be meaſured, and it will be 
ound to be juſt one half of BC; whence it appears, 
that the ſpaces which a given quantity of air poſ- 
de fettes under different preſſures, are reciprocally pro- 

portional to the preſſures; and conſequently, inaſ- 
m much 


LEO. 


breſſive force is as the cube root of that power of the —— 


Let an inflexed tube as AB, open at both ends, Exp. 8. 


ſuppoſe DC; then ſtopping the end B, fo as that Pl. 7. 
the Air may not get out when it is compreſſed, and Fig. 6. 
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Lx o r. much as the denſities of bodies where the quantity s 


XVI. matter is given are reciprocally as their magnj ever po! 
Lw— the denlity of the air 1 dire&lly as the ©, —4 
force. From this property of the air, Cor ks * tercept, 
deduced a method for determining the denſity there. portion 

of at any height; what he has delivered concern. 5 the m 

ing this matter, is contained in the 5th chapter of tudes of 

his Harmonia Menſurarum, which I ſhall endeavour they arc 

to explain to you; and in order thereto, ſhall |; qudes of 

before you ſuch properties of the logarithmic rib. mic cur. 

as I ſhall have occaſion to make ule of, referring tIiple th 

you for their demonſtrations to the forementions pe: lame 
author, and others who have wrote of that curve, MW the fc 

Pl. 7. Let then BDGT be a logarithmic curve, AH 17 Third 
Fig. 7. aſymptot, that is, a right line ſo ſituated with re. en th 
ſpect to the curve, as not to meet 1t till it is drawn Wi welmin 

to an infinite, or rather indefinite length, BA, Dc, Ne ordi 

and GF, ordinates, that is, right lines perpendicu- Parts; t 

lar to the aſymptot at the points A, C, and F, and 2 
terminating in the curve. BC a tangent to the JA, DC 

curve at the point B. The properties of this curve, Fourtl 

which I ſhall have occaſion to mention, are theſe WM? the P. 

four. he ordin 

Firſt, Any portion of the aſymptot intercepted Thele 

between two ordinates, 1s the logarithm or mealure ic earth 

of the ratio which thoſe ordinates bear one to ular the! 

the other; thus AC meaſures the 7atio of BA to ie air at 

DC; and CF meaſures the ratio of DC to GF; de mcun 

and ſo likewiſe, AF meaſures the ratio of BA to thi " 

Gb. And if AC, AF, and AH be in arithwe- I . 

tick proportion, then DC, GF, and IH are in geo- 1 cb 
metrick proportion; and if any portion of tix 8 cenlit 
aſymptot be a given quantity, then is the ais of 2 — 

the two ordinates which intercept that portion, II v 
likewiſe given. f ar w. 
Secondly, That portion of the aſymptot as AC, 0 deno 

which is intercepted between a tangent and an d. u thus | 

dinate, drawn to the ſame point of the curve as B, mY 2 


is a given quantity; or in other words, to what 
: evcr 
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ortion ſo intercepted 1s called the ſubtargert, and it 
« the module; or that which regulates the magni- 
- udes of all the logarithms in the ſame ſyſtem ; for 
they are greater or leſs in proportion to the magni- 
des of the ſubtangent ; ſo that if in two logarith- 
mic curves, the ſubtangent of one be double or 
triple the ſubtangent of the other, the meaſures of 
the fame ratios are likewiſe twice or thrice as great 
in the former as they are in the latter. 
Thirdly, The indefinite areas comprehended be- 
tween the curve and the aſymptot, drawn on to an 
indefinite length beyond HI, are to one another as 
the ordinates which bound them in their wideſt 
barts ; thus, the indefinite Areas BAHI, DCHI, 
ind GFHI, are to one another, as the ordinates 
3A, DC, and GF. 
Fourthly, The indefinite area BAHI, is equal 
bo the parallelogram BACE, comprehended under 
he ordinate BA, and the ſubtangent AC. 

Theſe things being premiſed, let AB repreſent 
he earth's ſurface, and let AH be a line perpendi- 


ure 

| 2 ular thereto 3; then, foraſmuch as the denſities of 

o ear at different heights, are as the preſſures of 

1 he incumbent atmoſphere, and the ordinates in the 
bl 


urve, as the indefinite areas which he beyond 
dem; if the indefinite area BAHI be made to 
note the weight or preſſure of all the air, and AB 
£ denſity at the ſurtace of the earth, then by the 
Wird property of the curve, the indefinite area 
VCHI, will denote the weight or preſſure of all 
e ar which lies above C, and the ordinate DC 
ul denote the denſity of the air at that height ; 
d thus it is with regard to any other height, ſo 
tt at all heights, the denſities of the air will be 
noted by the reſpective ordinates z wWhercfore, * 

R the 


ever point of the curve the tangent and ordinate are ILE Or. 
gawn, the portion of the aſymptot which they in- XVI. 
tercept, is always of one and the ſame length. 1e 
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LE c r. the firſt property of the curve, the difference betwes, the ra 
XV. any two heights, is the meaſure of the ratio which face, 
Wa I the denſities of the air bear to one another at thy{ which 


heights ; thus CF meaſures the proportion which WW cat 7: 
the air's denſity at the height C, bears to it's denſity 

at the height F. Let us now ſuppoſe the force d A 
gravity to ceaſe, and that the air is ſo compreſſed 


| 2 
by ſome external force, as to be every where fm 8 * 9 
top to bottom of the ſame denſity, as it is at the 
ſurface of the earth; it's weight or preſſure which 16400 


before was denoted by the indefinite area BAHI, 
may now be denoted by the parallelogram BACE, 
inaſmuch as by the fourth property of the curve, 
that area and this parallelogram are equal. Since 
then two fluids which balance each other muſt have Thu 
their heights inverſly as their ſpecifick gravities, i ¶ the hei 
we put unity to denote the ſpecifick gravity of te by mul 
air at the ſurface of the earth, and ſay, as uni- ber mat 
ty to 11890, which is the ſpecifick gravity of mer-W integral 
cury with reſpect to that of air, fo is 24 feet, JM logaritt 
which is the height of the mercury in the barome-W tables 1: 
ter, to a fourth number, we ſhall have 2972; fert the ati 
for the height of the homogeneal atmoſphere; andi earth, t 
this height is equal to the ſubtangent AC. Fe whence 
fince the preſſure of this homogeneal atmoſphere iſ tte air i 
as it's denſity into it's height, and likewiſe as than the 
rectangle BAC E; and ſince the denſity is denote i this on 
by BA, the height muſt be denoted by AC, di finuesth 
module in this ſyſtem of logarithms. Hence wii force de 
have a method for determining the denſity of tin the di 
air at any height; for putting H to denote th tle denſ 
height at which the denſity of the air is required, b lomewh; 
the ſecond property of the curve, we have this ana de force 
logy, as the integral number marked A, which Inord 
the module of this ſyſtem, is to the fractionaFXcurate] 
number marked B, which is the module of Bai Az in 
ſyſtem, ſo is H expreſſed in feet, to a fourth num F be the 


ber, which in Br1ccs's tables is the logarithm d 7 gs 
0 and 


Or PNEUMATICKS. 249 


the ratio of the denſity of the air at the earth's ſur-T, x c T. 


face, to it's denſity at the height H, anſwerable to XVI. 


which in the tables is the natural number expreſſing 
that ratio. 


A B 


29725 : 0.43429448 :: H : 0.43429448 x H. 
29725 
B T) 97 
26400 x 0.43429445=0.385601. 2.4303. 
EN A 
29725 


Thus, for inſtance, if the denſity of the air at 


the height of five miles, or 26400 feet, be required, 
by multiplying that number by the fractional num- 
ber marked B, and dividing the product by the 
integral number marked A, we ſhall have the 
logarithm marked C, anſwerable to which in the 
tables 1s the natural number marked D, expreſſing 
the ratio of the air's denſity at the ſurface of the 
earth, to it's denſity at the height of five miles; 
whence 1t appears, that at the ſurface of the earth, 
the air is denſer than it is at the height of five miles, 
in the proportion of almoſt 2+ to one; but then, 
this on ſuppoſition that the force of gravity con- 


tinues the ſame at all heights, whereas in truth, that 


force decreaſes in the receſs from the earth's center 


In the duplicate ratio of the diſtance, which cauſeth 
the denſities of the air at different heights to be 
omewhat different from what they would be in caſe 
the force of gravity did not vary. 

In order therefore to determine the denſities more Pl. 7. 
Kcurately, let & be the earth's center, and AB, equal Fig: 8. 
WAB in the laſt figure, the earth's ſurface, and let 
be the height at which the denſity of the air is 
ed let SK be a third proportional to SF and 

and at the point K, let the ordinate KG be 
R 2 drawn 


LE e r. drawn, denoting the denſity of the air at F, then 
XVI. taking the point M at an indefinitely ſmall diſtance 
above F, let SL be a third proportional to SM and 
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and co 
fon, K 
to LN 


SA; and at the point L, let the ordinate LIN ill be 


drawn, denoting the denſity of the air at M tis the! 
being done, it will appear, that the curve BGN curve v 
which paſſeth through the points G and N, is the ogarit! 
ſame logarithmic curve with the former, but in a» mer 
inverted poſition. For ſince SL is to SA, as Sa ace 
SM, and ſince SK is to the ſame SA, as SA h bree ot 
SF, then by equality of ratio, SL is to SK, as Sh conſequ 
to SM, and by diviſion and permutation, KI, is WF” the 
to FM, as SK to SM; or becauſe FM is indtf. WW te © 
nitely ſmall, as SK to S, that is, as SA! to SI"; or bee 
whence reducing that analogy into an equation, and wittance 
i SA XM bee 
dividing by SF*, we ſhall have KL SN ſity of tl 
and rejecting SA“, as being a given quantity, we W 
ſhall have KL as FM directly, and SF* inverly; Ne 


a . i . 4 U 
but FM is as the quantity of air in the indefinitely lewis 
little ſpace FM, and SFa inverſly is as the gravitz 
, | : 2 cone? Mee curves h 
tion of the ſame air, and KG is as it's denſity ; con. ¶ Cinatiot 
ſequently, the rectangle under KL and KG, or the Fc: 
area KGNL., is as the gravitation, the quantity, Name = 


and denſity of that air conjointly, that is, as it's pre- Now. f 
ſure on the air beneath it; and the ſum of all the t. deal 
ſimilar areas below KG, is as the ſum of all the GK its 
preſſures above F, that is, as the denſity of the ai 


at F, or as KG, which denotes that denſity ; and FEY 
KGNL which: is the difference of the two ſums of "Wa * 
all the ſimilar areas, one of which ſums begins from hee who 
the point K, and the other from the point L, engt ; 
the difference of the air's denſities at Fand M, that done 4 
is, as KG—LN. Let now KL be given; that dat — 
to ſay, let the ſmall portion intercepted between. | 


KG and LN be always of one and the ſame length, conſtruc 
in whatever parts of the line AS the points K and by diviſ; 


Lare taken; then KG will be as the are KON ob 
4 an 0 
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vill be the meaſure of that given ratio; whence 
by the firſt property of the logarithmic curve, the 
curve which paſſeth through the points G and N is a 
logarithmic curve and 1t 1s alſo the ſame with the. 
former ; for taking AO the height above the earth's 
ſurface indefinitely ſmall, it is evident, that the 
force of gravity is the ſame at O that it is at A, 
conſequently, the denſity of the air at O will come 
out the ſame, whether the law of gravity be taken in- 
to the conſideration or left out; let then the ordinate 
Ob be drawn in the former curve, and at the fame 
diſtance from A in the latter curve, let the ordinate 
PQ be drawn. Now, ſince one and the ſame den- 
ſity of the air at the earth's ſurface, is denoted in both 
curves by the equal ordinates BA, it is evident, 
that the ordinates OP and PQ, which in the two 
curves denote one and the ſame denſity at O, muſt 
likewiſe be equal; whence it follows, that both 
curves have the ſame curvature, as alſo the ſame in- 


-"" WM clination of their tangents at the points B, and their 
the ſubtangents equal; that is, the latter curve is the 
ane with the former, but in an inverted poſition. 
7 Now, foraſmuch as BA in the latter curve denotes 


the denſity of the air at the ſurface of the earth, and 
bk it's denſity at F, it is evident by the firſt pro- 
perty of the curve, that in this ſyſtem, AK is the 
mealure of the ratio which the denſity at the ſur- 
lace has to the denſity at F; the firſt thing there- 
fore which muſt be done, in order to diſcover the 
wnſity at F, is to find out the line AK, and this is 
one by diminiſhing AF in the ſame proportion 
that the earth's ſemidiameter SA is leſs than SF, the 
ultance of F from the earth's center; for by the 


- wnltruftion, SF is to SA, as SA to SK ; whence 
NL” igen, SF : SA :: AF : AK, AK being 


Ws obtained, let it be called H then, by the ſame 
R 3 proceſs 


1nd conſequently, as KG—LN ; whence by divi- LE c T. 
fon, KG will be as LN, ſo that the ratio of KG XVI. 
o LN is given, and of courſe the given line KL Www 


L x c T. proceſs as before, we may diſcover the denſity cj 
XVI. the air at the height F. 
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— E feet, 
4005 : 4000 :: 5 : 4000 = 4.99375 26367 
** 
B F 4 
46369. 43429448 g. 386232. 2.4279. 
: A 
29725 


For inſtance, if the denſity of the air at the 
height of five miles be required as before ; ther 
by ſaying, as 4005 miles, that is SF, is to 4000 
miles, that is SA, ſo is five miles, that is AF, to 
fourth, we ſhall have the number marked E, ex. 
preſſing miles, and parts of a mile, equal to 26367 
feet, which being multiplied by the fractional num- 

ber marked B, and the product divided by the in- 
tegral number marked A, we ſhall have the fracti. 
onal number of BRIGGS's tables marked F, anſwer- 
able to which is the natural number marked G, en- 
preſſing the ratio of the air*s denſity at the ſurface 
of the earth, to it's denſity at the height of fre 
miles. After the ſame manner may the rt of 
the air's denſity at the ſurface, to it's denſity at any 
height be computed. The reſult of ſuch compute 
tions J have ſet down in the annexed table ; tie 
firſt column of which contains the heights of the 
air in Engliſh miles, whereof 4000 make a ſem. 
diameter of the earth. The numbers in the ſecond 
column expreſs the ratio of the air's denſity at the 
ſurface, to it's denſity at the reſpective heights, ard 
they likewiſe denote the rarity or expanſion of the 
air at thoſe heights. The third column contails 
the den ſities and compreſſions at the ſeveral heights, 
The numbers at the bottom of the ſecond column 
included in crotchets denote, that ſo many figure 
are to be annexed to the five preceding, and tht 


included in the crotchets at the bottom of the 1 
colu 


y of 


feet, 
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column denote, that ſo many decimal cyphers are LE c T. 
to be prefixed to the five following figures. 


— — 


233 
XVI. 


TR as 


Haghts in Rarity and expan-|Compreſſion and 
the air in ſion. denſity. 
Engliſh 
miles 

„ Seng I I ; | 
S— — 1.0454Þ.95676 
gt 1.0928[0.91509 
— — 1.1424. 87535 

1 |— — 1.19430. 85405 

I— — 1.2429. 80436 

1 — — 1.30520. 76616 

14— — 1.3644 0.73290 

2 |P-— — 1.42630. 70118 

2 — — 1.4871 0.67244 

22. — 1.33860. 64 160 

24.— — 1.629200.61379 

— — 3.7085 0.58716 

3 — — 1.78830. 559 19 

3. — 1.8596.53775 

3 — — 1.9460. 31387 

1 2.0330 9.49173 
green — 2.1257. 47043 
— — 2.22210. 45002 

4.— — 2.3226 0.43012 

3 — 2.4279. 41187 

10 — — 5.91820. 16897 
20 — — 34.288 [0.029164 
30 — — 198.34 — o. 0030418 
40 — — 1136. — . ooo 8028 
50 — — 6449.2 — . oo 15505 
100 3358403] — 0. [7] 26798 
400 11271[24] —0. [28]88723 
4000 19316[150] —ſo.[154]51770 
40000 330971270 —o.[280]30214 
— 328591301] , 305130433 
ak. | 220020303] —þ.[307]45450 
Jahnite. 37311| 304] — . 308 J26802 
R 4. Poor, 


LECT. 


| SF. » and ſince from the nature of muſical Propor- 
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Cokol. Since SF is by conſtruction equal ty 


SA beneath 


thereby 


The 
tion, the quotients ariſing from the diviſion of e propor! 
and the ſame quantity by quantities in arithmetic; of the 
progreſſion, conſtitute a ſeries of muſical propor. externa 
tionals, it follows, that if ſeveral diſtances frm with t! 
the earth's center as SF, be taken in muſical pro. Wi to the 
greſſion, their reciprocals as SK, muſt be in art. quent!) 
metick progreſſion ; and by the firſt property of the and the 
logarithmic curve, the denſities of the air as KG, frong! 
muſt be in geometrick progreſſion. air, as 1 

Since the denſity of the air is proportional to cluded 
the compreſſing force, and ſince the compreſſing WM than th 
force is equal to the elaſtick force, it is manifeſt, WF compre 
that if the denſity of the air be increaſed, the ela- propor 
ticity will likewiſe increaſe in the fame proportion; ¶ outwar 
and on this principle are founded artificial foun- fe fo1 


tains, which play by means of condenſed at; if prop 
they are of two kinds, ſingle and double. The ¶ excels 
ſingle fountain is made of braſs, and is every of the 
where ſhut,” excepting that through the middle of Wi force v 
the baſon BB, there paſſes down a pipe PP, the in 
whoſe lower end beaches nearly to the bottom of vithou 
the fountain, and to the upper end is fitted a ſtop- The 
cock, by help of which the pipe may be ſhut or I ting af 
opened at pleaſure. — arlung 

Some part of the fountain as ADC, being filed Cs ot 
with water poured in through the pipe, a condenſing i c the 
or forcing ſyphon is ſcrewed to the top of the pipe height 
above the cock, by means whereof, a great quantity For 
of air is thrown into the pipe; which as it cannot the pri 
return back, by reaſon of a valve which ſhuts cloſe rectly 1 
upon the hole of the ſy phon, forces it's way througi Wi rin 
the water into the upper part of the fountain, and force, 
there remains in a ſtate of condenſation, greater tan of wat 
that of the outward air. When therefore the co force ; 
denſer is taken off, and the cock opened, the . id equ 


cluded air preſſing ſtrongly on the water which lis 
bencatk 
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thereby makes a Jet. 


proportional to, and may be expreſſed by the exceſs 
of the denſity of the included air above that of the 
external air. For if the included air be equally denſe 
with that without, it's elaſtick force muſt be equal 
to the compreſſive force of the atmoſphere ; conſe- 
quently, thoſe two forces will balance one another, 
and the water will continue at reſt, being preſſed as 
| frongly downward by the weight of the external 
air, as it is upward by the expanſive force of the in- 
cluded air; but if the included air be more denſe 
than the external, it's elaſtick force will exceed the 
compreſſive force of the atmoſphere, in the ſame 
proportion that it's denſity exceeds the denſity of the 
outward air; conſequently, that part of the expan- 
five force of the included air which raiſes the water, 
is proportional to, and may be expreſſed by, the 
exceſs of the denſity of the included air above that 
of the external air. So that putting F for the 
force which raiſes the water, D for the denſity of 
the included air, and 1 for the denſity of the air 
without, F is as D—1. 
The height in feet to which the water riſes, ſet- 
ting aſide all impediments, is equal to the product 
ailing from the multiplication of 33 into the ex- 
cels of the denſity of the included air above that 
of the outward air; that is, putting H for the 
height of the jet, and x for 33, H=x D—x. 
For as water which is driven out of a reſervoir by 
the preſſure of the incumbent water, if it ſpouts di- 
rectly upward, riſes to the ſame height with the wa- 
ter in the reſervoir ; ſo if it be driven by any other 
force, it mult riſe to an. equal height with a pillar 
of water whoſe preſſure is equal to that of the driving 
force ; foraſmuch therefore as the atnoſphere makes 
an equal preſſure with a height of water of 33 * 
9 chi 


beneath it, throws it up through the pipe, and LE r. 


The force wherewith the water is thrown up, i.??? 
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Lex c T, the water will be thrown to the height of 33 feet funtail 
XVI. by the compreſlive force of the atmoſphere; where. Wl brough 
fore if we put 1 for the preſſure of the atmoſphere, the cyl 
and ſay, as one is to 33 or x, fo is D—1, which uns w 
expreſies that part of the preſſure of the in. Wthe pip 

cluded air which drives out the water, to a fourth ber rex 
proportional, we ſhall have xD—x, or x « 1)—-|, {Whupon o 

for the height to which the water is thrown, chrougl 

whence it appears, that if D—1 be equal to unity, Wir; an 

which is the caſe when the air within is as dene WE veyed t 

again as that without, the water will riſe to the uin; a 


PI; 7. 
Fig. 10. 


Exp. 9- 


height of 33 feet; and if D— 1 be equal to », s play 
which is the caſe when the included air is thrice az the plac 
denſe as the external, the height of the jet will be be ſet 2 
66 feet, and ſo on. : 

The double fountain conſiſts of two ſingle fo. 


* tains, whoſe bottoms are faſtened to an hollow bra 


linder, one at each end, in the manner repre- 
ſented in the figure, wherein AA and BB denote the 
two fountains with their baſons; CC the hollow WE 
cylinder, which plays upon the pins DD as upon WW [ tt 


an axle; each has a pipe as P, whoſe lower end NA” 
reaches nearly to the bottom of the fountain. From UKA 
the baſon of the fountain AA; there iſſuts another UW That 


pipe as T, which paſſing through AA, and likewiſe de air, 
the hollow cylinder CC, without communicating ent. 

with either, opens at E into the fountain BB. And in Let 

like manner ſuch another pipe ifſuing from the baton anner 
of BB, and paſſing through that fountain and the Nen dran 
cylinder, opens into the fountain AA. The hol- Wi the bell 
low cylinder being placed in an upright poſture vv Wl to the « 
means of the carriage which ſupports it, and the Nie aua 
pipes of the lower fountain being ſtopped, water 15 fe. ac 
conveyed into it through the pipe T, which iſſues nd inc 
from the baſon of the upper fountain; by the ru Ithat is t 
ning in of the water the air contained in the lower As tl 
fountain 1s crowded into a ſmaller ſpace, and there- the 


by condenſed ; if then both the pipes of the upper 
fountain 
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fountain be ſtopped, and the lower fountain be 
brought into the place of the upper, by turning 
E the cylinder on it's pins, the water which it con- 
ains will fall to it's bottom, and the lower end of 
the pipe P will be immerſed therein, in the man- 
ner repreſented in the upper fountain ; fo that 
upon opening that pipe, the water will be driven | 
through it by the expanſive force of the condenſed | 
ar; and as it falls into the baſon, it will be con- | 
veyed thence by the pipe T into the lower foun- | 
tuin; and when the upper is exhauſted and ceaſes | 
[to play, then ſtopping it's pipes, and changing 

| the places of the fountains as before, the other may 

be ſet a going in the ſame manner. 


Feen XV 
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F this lecture I ſhall firſt explain to you the LRH cx, 
NATURE OF SOUNDS, and then treat of the XVII. 

VIBRATIONS OF MUSICAL STRINGS. — me 
That SounDs have a4 neceſſary dependance on 

(the air, will appear from the following experi- 

ment. 

Let a bell be placed under a receiver in ſuch a Exp. 1. 


aon manner as that it may be rung at pleaſure; and up- 
the Nen drawing the air out of the receiver, the ſound of 
hol- che bell will grow lefs and leſs audible in proportion 
re by eo the degrees of exhauſtion, fo as at laſt almoſt to | 


| the Nie away, and ſcarcely to be heard at all; and up- 
ter is en re. admitting the air, the ſound will revive again, 
iſſues end increaſe in proportion to the quantity of air 
un- dat is taken in. 

ower As this experiment proves the air to be neceſſary 
here- e the production of ſounds, ſo the tremblings 
per Bic! great guns, bells, drums, and many other 
ntan ang bodies communicate, by means oi the 
3 intermediate 
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L x c T. intermediate air, to ſuch bodies as are near them, 


XVII. 


plainly ſhew,. that ſounds depend on ' trenulgys 


ww motions of the air; which therefore I ſhall endeaygy; 


7. 
| Fig, 11. 


to explain to you, together with the cauſe and mas- 
ner of their production. When the parts of a bel, 
a muſical ſtring, or any other elaſtick body are ſct 
in motion by a ſtroke, they vibrate, that is, they 
go forward and return backward alternately through 
very ſhort ſpaces; in going forward they propel, 
and thereby compreſs and condenſe the air which lies 
next them; and in returning backward, they {ut- 
ter the compreſſed air to recede and expand it {lf 
ſo that the parts of the air which are contiguous to 
the trembling body, go and return in the {ame 
manner with the parts of the body; and as they 
are endued with a repulſive power, they muſt by 
means thereof excite the ſame vibrations in thote 
parts which lie next beyond them ; and theſe again, 
mult in like manner agitate the parts beyond them, 
and fo on continually ; ſo that by one ſingle vibra- 
tion of an elaſtick body, a motion is excited in the 


air, and propagated directly forward, by which 


tome parts go forward, whilſt others return back, 
and that alternately, as far as the motion reaches. 

That this motion may more readily be conceivec, 
let ST repreſent an elaſtick ſtring, ſtretched and 
made faſt at both ends; and by a force applied to 
the middle point H, let it be drawn into the pol: 
tion SET; upon the removal of the force which 
inflects it, it will by vertue of it's elaſticity return 
to it's former poſition SHT ; and foraſmuch as the 
reſtitutive force acts conſtantly upon it during the 
time of it's motion from E to H, it's motion through 
that ſpace muſt be continually accelerated, and the 
velocity thereof muſt be greateſt at H. When the 
ſtring has recovered the poſition SHT, it will not 
remain therein; but by vertue of the velocity ac. 
quired in moving from E to H, it will be carried tor 


ward till it has moved through a ſpace as HK, equl 


0 EH, | 


as it mo 


Pually u 
petards t 
manner 


conſeque 


from H 
hich it 
as it Cea! 
again fre 
Jan accel 
it was at 
ved at F 


ty, go 
Flame ma 


of the ſti 


a vibrati. 


ſaid, tha 
ſtring w. 
to vibra 
whereas 
air, the 


that ACCC 


length v. 
on in th 
equal, as 
lecture; 
one of t 
whereof 
preſently 
Wher 
we ſux 
of air pl: 
that the 
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particles, 
vg 
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terards the motion from H to K, in the very ſame 
manner that it accelerated the motion from E to H ; 
conſequently, by the time that the ſtring has moved 
om H to K, it will have loſt all that velocity 
Which it acquired in moving from E to H; as ſoon 
s it ceaſes to go forward, it will be brought back 
again from K to H by the force of elaſticity; with 
lan accelerated motion, in the very ſame manner as 
it was at firſt from E to H; and when it has arri- 
ved at H, it will by vertue of the acquired veloci- 
Ity, go on to E, with a retarded motion, in the 
ſame manner as it did from H to K. The motion 
of the ſtring from E to K and back again, is called 
vibration; and it is evident from what has been 
aid, that ſetting aſide all external impediments, a 
ſtring which has made one vibration, muſt continue 
to vibrate for ever through the ſame ſpace ; bur, 
whereas it meets with continual reſiſtance from the 
air, the ſpace through which it vibrates, muſt on 
that account grow leſs and leſs continually, and at 
ength vaniſh ; and yet, notwithſtanding this variati- 
on in the ſpace, the times of the vibrations are all 
equal, as I ſhall demonſtrate before the cloſe of this 
lecture; but I take notice of it in this place, becauſe 
one of the chief properties of the pulſes of the air, 
whereof I ſhall have occaſion to make mention 
preſently, has a neceſſary dependance thereon, =_ 

When the ſtring is drawn into the poſition SET, 


e ſuppoſe A, B. C, and fo forth, to be particles 
de of air placed in a right line one beyond another, and 
he that the diſtance of the firſt particle from the ſtring 
my E, is equal to the interval of any two adjacent 


particles, as it muſt needs be, on ſuppoſition that the 
E of the air fly from other bodies with the 
ime force that they repel one another; upon let- 

3 ting 


\ Ell, and then it's motion forward will ceaſe; for LE cr. 
« it moves towards K, the elaſtick force acts conti- XVII. 
pually upon it in drawing it back, and by fo doing. 


LE o r. ting the ſtring go, as it cannot move forward vit. repulſive 
XVII. out approaching to the particle A, it muſt in tie Mang in 
very next inſtant after it begins it's motion, prope! Hatt top 
that particle; which for the ſame reaſon, muſt in Mitter th 
the next inſtant after it begins to move propel the Nies prog 
particle B, and that muſt in the ſame manner pro. Wile reac 
C, and C propel D, and ſo on; fo that the turning 
firing, and the ſeveral particles of air taken in Wiſe tur: 
their order, will begin to move forward ſucceſſive. Wiring is 
ly one after another, at very ſmall intervals of time, Wand reta 
And whereas the ſtring 1s accelerated in it's motion turing t 
from E to H, and retarded in it's motion from H than i! 
to K, the particle A muſt likewiſe be accelerated Wkeuring t 
in one half of it's progreſs, and retarded in the ¶ thereb 
other; for ſince A is equally diſtant from the WMerrival a 
ſtring, and from B, before the vibration com- {Wſhappens 1 
mences, and ſince it begins to move forward alittle WF; and t 
later than the ſtring ; it is evident, that upon the Whibration 
firſt motion of the ſtring, the diſtance between that Wthe ſame 
and A, muſt become leſs than the diſtance between ¶ rade to 8 
A and B; and foraſmuch as the increments of ve- N he impu 
locity which are continually generated in the ſtring Nucceedin 
by the action of it's elaſticity, are not communicated nd as th 
to the particle A, in the inſtant of time wherein WiſMheir orde 
they are generated, but a little later; it is mani- one aft 
teſt, that the ſtring during it's motion from E to io likewil 
H, muſt continually be nearer to A than A 1s to e ſame 
B; and conſequently, muſt act more forcibly nme of 
driving A forward, than B does in driving it back- Nat othei 
ward, and by ſo doing accelerate it's motion. Aft Norward | 
the ſtring has arrived at H the middle point of iti other, 
progreſs, and ceaſed to be accelerated, in the very her; tha 
next moment A likewiſe reaches the middle point uſt be 
of it's progreſs, and ceaſes to be accelerated, being rd con! 
driven as ſtrongly backward by B, as it is forwatd iy partic 
by the ſtring. But however, by vertue of the i'- E ͤ mut 
quired motion, it continues to go forward, but vii {ite next | 


a retarded motion; and is at length ſtopped by de e G, anc 
| repullive 
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. ulfive power of B; in the ſame manner that the LE Or. 
de Wiring in moving from H to K is retarded, and at XVII. 
a ftopped by the action of it's elaftick force. 


after the ſtring has reached K, the utmoſt limit of 
ls progreſs, in the very next moment does A like- 
wiſe reach the utmoſt limit of it's progreſs, and then 
turning back, purſues the ſtring, which had like- 
wiſe turned back the moment before. And as the 
ſtring is accelerated during it's return from K to H, 
nd retarded from H to E; fo the particle A 
juring the firſt half of it's return, being nearer to 
B than it is to the ftring, muſt be accelerated; and 
during the latter half, being nearer to the ſtring, 
bs thereby retarded, and at length ſtopped upon it's 
rival at the place from whence it ſet out, which 
happens immediately after the ſtring has returned to 
IF; and there it continues at reſt, unleſs by a ſecond 


the vibration of the ſtring it be again driven forward in 
hat the fame manner as before. As this particle is 
cen ¶ made to go and return through a very ſhort ſpace, by 
ve- N be impulſe of the ſtring, ſo likewiſe are the ſeveral 
ing Wſucceeding particles, by the impullcsof the foregoing; 
cd nd as the ſtring, and the ſeveral particles taken in 


heir order, begin their motions forward, ſucceſſive- 
ly one after another at very ſmall intervals of time, 
olikewiſe do they begin to return in their order at 
ſhe ſame intervals of time; whence it follows, that 
eme of them mult go forward, at the ſame time 
(hat others return back. As the particles which go 
ward begin their motions ſucceſſively one after 
Mother, they muſt neceſſarily come nearer toge- 


en ber; that is, they muſt be condenſed. And it 
ont nult be obſerved, that the condenſation goes for- 
10; ard continuaHy ; for in the very next inſtant after 
rand e particle as D, has made it's neareſt approach to 


E muſt make it's neareſt approach to F; and in 
ne next inftant F muſt make it's neareſt approach 
6, and ſo on continually ; ſo that the conden- 
ſation 


Le e r. ſation muſt paſs forward ſucceſſively in a regyy 
XVII. manner through the ſeveral particles of air. 
= But that I may explain this vibratory motion af 
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the air more particularly, it muſt be obſerved, thy 
as the ſtring during the firſt half of it's progreſs trum 
E to H is continually accelerated, it's diſtance from 
the particle A muſt conſtantly grow lefs; and for. 
aſmuch as during the latter half of it's progreſs from 
H to K, it is continually retarded, and that in the 
ſame uniform manner that it was accelerated from 
E to H, it's diſtance from A muſt conſtantly be in. 
larged, and that in the ſame regular manner thatit 
was diminiſhed during the progreſs of the ſtring 
from E to H; ſo that by the time it has arrived at 


K, the utmoſt limit of it's progreſs, it is juſt as far Nen 
diſtant from the particle A, as it was when it fit Nfbeir way 
ſet out. Upon the return of the ſtring, inaſmuch Wh: ſcnſa! 


as it is continually accelerated from K to H; it's kes of 
diſtance from the particle A muſt ſtill be inlarged; Mﬀeilled ou 
and foraſmuch as it is retarded in it's motion from Heal 
H to E, in the very ſame manner as it was acccle- r. In 
rated from K to H, it's diſtance from A mult con- nds, I 
ſtantly grow leſs in the ſame regular manner that i: ef theſe 
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was inlarged during it's motion from K to H, ſo 
that upon it's return to E, it is again juſt as far dil- 
tant from the particle A, as it was at it's firſt ſet 
ting out. From what has been ſaid, it 1s evident, 
that the ſtring during the time of it's progrels, & 
always nearer to the particle A, than it was betore 
it's motion began, and that it's leaſt diſtance from 
the particle is at H, the middle point of it's pro- 
greſs; it is likewiſe manifeſt, that during the time 
of it's return, it is always more diſtant from the pat- 
ticle than it was before it's motion began; and that 
it's greateſt diſtance from the particle is at H, the 
middle point of it's return. And what has been 
thus ſhewn of the ſtring with reſpect to the particle 
A, is in like manner true of that particle me - 

| 5 
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dect to the particle B, and of B with reſpect to C, LE cr. 
-d ſo on of every particle, with reſpect to that which XVII. 
« immediately beyond it, as far as the motion wy 
eches; fo that each particle with regard to that 

hich lies immediately beyond it, is in a ſtate of 
ondenſation during it's progreſs, and of rarefaction 

guring it's return, it's greateſt condenſation being at | 

he mid(t of it's progreſs, and it's greateſt rarefacti- 

n at the midſt of it's return. What proportion 

heſe rare factions and condenſations bear to the 

enſity of the air in it's natural ſtate, in every point 

that ſmall ſpace through which a particle of air 

ibrates, ſhall be ſhewn in my next lecture, as alſo 

he law of this vibratory motion. 

As the parts which go forward, do in their pro- 

preſſive motion ſtrike ſuch obſtacles as they meet in 

their way, they are for that reaſon called pulſes; and 

he ſenſations which are excited in the mind by the 

ſtrokes of theſe pulſes on the drum of the ear are 

alled ſounds ; ſo that ſounds as conſidered in their 

phyſical cauſes, are nothing elſe but the pulſes of the 

ir, In order therefore to explain the nature of 

ſounds, I ſhall lay before you the chief properties 

pf theſe pulſes. | 

The firſt of which is, that they are propagated 

om the trembling body all around in a ſphærical 

manner, For though the parts of the body, by whoſe 

vibrations the pulſes are generated, do go and re- 

turn according to certain directions, yet foraſmuch 

every impreſſion which is made on a fluid is pro- 

pagated every way throughout the fluid, whatever | 
be the direction wherein it is made, the pulſes muſt | 
bread and dilate, ſo as to form themſelves into 

wncentric ſpherical ſurfaces, or rather thin ſhells, 

Wole common center is the place of the ſounding 

body. And hence appears the reaſon why one 

nd the ſame ſound may be heard by ſeveral per- 

bs, though differently ſituated with teſpect to the | 


Wuding body. 
| S A ſecond 
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| Lor. A ſecond property of the pulſes is, that the, 
| XVII. grow leſs and leſs denſe as they recede from the 
| GOV ſounding body, and that in the fame proportig which a 
| with the ſquares of their diſtances from the bod. me bo 
For whatever be the force whertwith the founding For ſind 
body acts on the firſt ſpherical ſhell of air, with the bration 
very {ame force does that ſnell act upon the ſecond, pulſes n 
and that again upon the third, and ſo on continual: manifeſt 
ly; ſo that the force which condenſes the air in the diſtance 
ſeveral ſhells is given; conſequently, the condenſ. but the 
tions which it produces in thoſe ſhells, mutt be in. body ar 
verily as the reſiſtances it meets with; but the re. the puli 
ſiſtances are as the ſhells ; and therefore, ſince those that the 
| | increaſe continually in the ſame proportion with the ſome ca 
ſquares of their diſtances from the center, their z pulſe, 
denſities muſt decreaſe in the ſame manner, the air i 
. By reafon of this diminution in the denſitics of None part 
the pulſes, thoſe which are farther removed from M ruard 
the ſounding body, make ſligher impreſſions on On th 
the drum of the ear, than thoſe which are le; dil 
| tant; and hence it is, that ſounds grow leſs and |: 
| 


ick in 
cold wt 
A foi 


ſounds ; 


. the varie 
audible, the farther they go from the ſounding bo- frength « 


dy; and at certain diſtances become ſo weak as not they are 
| to be heard at all. ; relpect 
| A third property of the pulſes is, that all of them, WM vice call. 
| whether denſer or rarer, move equally ſwift, ſo s bund d 
| to be carried through equal ſpaces in equal timo, Which is 
| as I ſhall demonſtrate in my next lecture. the grea 
| From this property it follows, that all ſouns, Which it 
| whether they be loud or low, grave or acute, my lower the 
| equally ſwift, the ſoſteſt whiſper making equal ipccd "th equ 
with the noiſe of a cannon, or the loudelt thunde- d . 
clap; and it has been found by experiment, an | 
ſhall likewiſe demonſtrate in my next lecture, tat 
ſounds move at the rate of 1142 feet in a ſccond ol 
time or thercabouts ; for the velocity is not pre 
ciſely the fame in all ſeaſons of rhe year, vt 
ſomewhat greater in /#;nmer than in winter, on de- 


gount of the heat which renders the air more 8 
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S :ick in proportion to it's denſity, than it is in the Lex Or. 
cold winter ſeaſon. XVIL 

A fourth property of the pulſes is, that all thoſe wy 
which are excited by the vibrations of one and the | 
ame body, are at equal diſtances from one another. | 
For ſince each pulſe is excited by one ſingle vi- | 
bration of the ſounding body, and ſince all the | 
alſes move with equal and uniform velocities, it is 
manifeſt, that they muſt ſucceed one another at 
diſtances proportional to the times of the vibrations 
but the times of the vibrations of -one and the ſame 
body are all equal; conſequently, the intervals of 
the pulſes are ſo too. And it mult be obſerved, 
that the interval between two pulſes, which is by 
ſome called the lengih, and by others the breadth of 
2 pulſe, is that ſpace through which the motion of 
the air is carried, during the time, wherein any 
one particle performs it's vibratory motion in going 
forward and returning back. 
On the intervals of the pulſes depend the tones of 
ſounds ; and here I mult obſerve to you, that all 
the variety there is in ſounds, reſpects either their 
ſirength or their one; with regard to their ſtrength, 
they are diſtinguiſhed into loud and lots; and with 
reipect to their tone, into grave and acute, other- 
viſe called flat and ſharp. The ſtrength of any 
ound depends on the magnitude of the ſtroke, 
wich is made by a pulſe on the drum of the ear; 
the greater the ſtroke is, the louder is the ſound 
vhich it excites, and the weaker the ſtroke, the 
wer the ſound; and whercas all the pulſes move | 
"t!! equal velocities, the magnitude of the firoke, | 
nd conſequently the ſtrength of the ſound, muſt 
de as the quantity of matter in the pulle ; that is, 
* a rectangle under the denſity and breadth of the 
pale; and ſuppoſing the breadth of the pulſe to 
be given, it mult be as the denſity. 

The tone of a ſound depends on the duration of 
ilroke; the longer a ſtroke is which a pulſe makes 

8 2 on 


L.x c r. on the drum of the ear, the more grave is th. 
XVII. ſound which it produces; and the ſhorter the ſtroꝶ. 
Wy wv the more acute 15 the ſound ; but ſince all the pulſes 


Or SOUNDS. 


and 1N \ 
eved | 
wes z 
Loweſt h 
man ea! 
mits of 


move equally ſwift, the duration of a ſtroke muſt 
be proportional to the interval between two ſucceſ. 
ſive pulſes; and of conſequence, a ſound is more or 
leſs grave or acute in proportion tothe length of that 
interval. Hence it follows, that all the found: It folloy 
from the loudeſt to the loweſt, which are excited by und tl 
the vibrations of one and the ſame body, are of on: Wh the ſ⸗ 


tone. It likewiſe follows, that all thoſe ſounding hat bot 
bodies, whoſe parts perform their vibrations in equal Her ſinc 
times, have the ſame tone; as alſo, that thoſe bo WK of thi 
dies which vibrate ſloweſt, have the graveſt ot he 12t 
deepelt tone; and on the contrary, thoſe which vi- WWhrilleſt 
brate quickeſt have the ſharpeſt or ſhrilleſt tone. the lat 
As there may be an infinite variety in the times Whiſkonſequ 
wherein ſounding bodies perform their vibrations, Mie car | 
ſo may there likewiſe in the tones of the ſounds hich 1 
which depend thereon ; and yet amidſt this great Harmon 
variety, muſicians acknowledge but ſeven principal Wiſproduce 
notes in an ave; for though the eighth be requiſite Wbrations 
to complete the ſeven intervals in an octave, yet are t vibr. 
there in truth but ſeven notes; for that which 1s onſequ 
called the eighth, becomes the baſe or ground note Wound p 
in the next octave aſcending ; and as it ſtands in What th 
the limits of the two octaves, it is called the e:25!» Wound x 
with reſpect to the baſe note below it, and the "EUR | 
ground or baſe note with reſpect to the 15th which ade o 
is above it; which 15th is likewiſe the baſe in tie Wſeccount 
next aſcending octave; for by a repetition of notes, Nees th 
wherein the propoftions of the times of the notes d an 
the firſt octave are preſerved, the octaves may be N muſ 
continued on both ways, aſcending and delcending, me; 
and that in infinitum; and yet, notwithſtanding ts ers; 
infinite progreſſion in the octaves, the number of ordinar 
harmonic ſounds is limited. Mr. SauvvevR 1s of echocit) 
opinion, that all the harmonic ſounds, that 15, ſuch 4 
0 the 1 


ſounds as can be heard diſtinctly and with pleaſure 


an bable, 
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Loweſt harmonic ſound, to the higheſt that the hu- 
wan ear can well bear, are contained within the li- 
nits of two octaves more. And if this be the caſe, 
It follows, that that body which gives the ſhrilleſt 
ſound that the ear can bear, makes 4096 vibrations 
In the ſame time that one vibration is performed by 
hat body which gives the graveſt harmonic ſound ; 
For ſince in every octave, the time of the eighth is 
of the time of the baſe note, if + be raiſed up to 
he 12th power, it will exhibit the time of the 
ſhrilleſt found, that of the graveſt being unity; but 
the 12th power of + 1s the 4096 part of an unite ; 
Conſequently, the time of the ſhrilleſt ſound that 
he ear can well bear, and likewiſe of the vibration 
hich produces 1t, 1s to the time of the graveſt 
harmonic ſound, and of the vibration whereby it is 
produced, as 1 to 4096; but the times of the vi- 
brations of two bodies are inverſly, as the numbers 
of vibrations which they perform in a given time; 
onſequently, the body which gives the ſhrilleſt 
ound performs 4096 vibrations in the ſame time 
hat the body which gives the graveſt harmonic 
bund performs one; and foraſmuch as Mr. Sav- 
ux has found by ſome experiments which he 
ade on organ pipes, of which I ſhall give you an 
pccount in my next lecture, that a body which 
Neves the graveſt harmonic ſound, vibrates 12 times 
ad an half in a ſecond, the ſhrilleſt ſounding bo- 
y muſt perform 51100 vibrations in the ſame 
ume; which argues great ſwiftneſs in the vibrating 
parts; and yet, great as it is, it has nothing extra- 
ordinary or ſurpriſing in it, if compared with the 
"ocity of ſome other motions; for if we ſuppoſe 
e parts in each vibration to run through a ſpace equal 
the 10th part of an inch, though it is highly pro- 
ale, that the lengths they run are much ſhorter; 
32 and. 


ind in whoſe tones a difference can be clearly per- LAH c T. 
eyed by the air, lie within the compaſs of ten oc- XVII. 
wes; as alſo, that all ſounds whatever, from the 


| 


-268 Or SOUNDS. 


L c r. and if ve ſuppoſe them to move with the ſame vc. 
XVII. ty during the whole time of their motion; it folom 
that they are carried at the rate of 4.25 feet and ter 
inches in a ſecond; conſequently, they do not mor 

with much more than two third parts of the velocity 
wherewith a ball flies from the mouth of a cannon. 

The fifth and laſt property of the pulſes is, tha 

they may be propagated together in great number; 

from different bodies, without difturbance or con. 

fuſion; as is evident from conſorts, wherein the 
ſorn-.s of the ſeveral inftruments are conveyed dil 

tincily to the ears of the audience; as they move 

along, ſome of them coincide and ſtrike the drum 

of the car at one and the ſame time, and thereby 

excite a ſmooth and regular motion, that is pleaſing 

and agreeable ; whilſt others which do not mix 

and unite, at Iealt not frequently, ſtrike the 

car at ditlerent inſtants of time, and thereby 
diſturb each other's motions, ſo as to render them 

harih, grating, and offenſive. And hereon depend 
almoſt the whole of concords and diſcords in mu: 

ſack ; tuch ſounds, generally ſpeaking, being deemel 
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concords, as are excited by pulſes which have tre 1 5 
quent coincidences; and on the other hand, lucy. 1... 
louncs being called diſcords, as ariſe from pu ne pre 
Which coincide but rarely. times o 
Ihe frequency or infrequency of the coincidence node be 
depends on the proportions which the intervals de ſev 
the pulſes bear one to another; as I ſhall ſhew y (@.46 
in relation to the ſeveral notes in an octave ; in d of the 
ing of which, inſtead of the pulſes and their inter body v 
vals, I ſhall conſider the vibrations of the bodte ſe ne 
which excite the pulſes, and the times of theft ef chic 
brations; becauſe the number of pulſes is a WM iiciderr 
equal to the number of vibrations in the ſound;nl i; each 
bodies, and the intervals of the pulſes proportion: nciding 
to the times of the vibrations. | note, at 
If two vibrating bodics begin their motions tagte de bod 


and vibrate in equal times, it is manifeſt, that as 
ration 
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brations muſt keep pace together, and conſtantly co- L x c T. 
ncide. But if the vibrations be performed in unequal XVII. 
times, it is plain, that they cannot conſtantly keep wed 
ce together; for which reafon ſome of them on- 

jy will coincide 3 and which thoſe are may be de- 

termined from the times of the vibrations; for ſince 

the numbers of vibrations, which are performed in 

agiven time, are inverſly as the times of the vibra- 

tions, if the numbers which expreſs the times of the 
vibrations of two bodies be taken reciprocally, they 

vill exhibit the coincident vibrations of the reſpec- 

ive bodies. For inſtance, if the time of the vi- 

brations of one body, be to the time of the vibra- 

tions of another, as 8 to 9, which is the caſe of 


cy wo bodies, whereof one ſounds a ſecond or tone 
ue maior to the other, every ninth vibration of the 
mug former coincides with every height of the latter. 
So again, if the times of the vibrations be to one 
* mother, as 5 to 6, which is the caſe, where one 


body ſounds a leſſer 3d to the other, every ſixth vi- 
bration of the former falls in with every fifth of 
ne latter. 


emed In this ſcheme, I have 1 Fight. 

e br down thoſe fractional ; Greater ſeventh. 

luck numbers which expreſs + Lejſer ſeventh. 

proportions that the + Greater fixth, 

WW limes of the vibrations of + Leſſer ſixth. 

„ oſe bodies, which found 7 Fifth. 

a the ſeveral notes in an + Fourth. 

cave, bear to the time + Greater third. | 
coe the vibration of that + Loſer third. | 
wy body which ſounds the + Second or tone major. 

* bale note; by the help 1 Baſe note. 


of which numbers the co- 
neident vibrations may be readily diſcovered. For 
in each fraction, the denominator cxhibits the co- 
iciding vibration of that body which ſounds the 
note, and the numerator.the coinciding vibration of 
ae body which ſounds the baſe note. 
I 4 Having | 
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LtcT. Having thus explained the nature and properti, WE to hal 
XVII. of ſound, I come now to give you an account MF foraſm 

the viBRATions of Musical STRINGs, and h their h 

ſhew you in what proportions the times of the u. under | 

brations are varied, by varying the length, thick the ler 

neſs, or tenſion of the ſtrings; and in order there. inflecti 

to, I ſhall lay down the following PRopOSLTIox. line Cl 


FL. 7% 


| SP 
Let an elaſtick firing as AB, faſtened at A, 1AM L 


Fig. 13. paſſing over a ſmall pin or pulley at B, be firetched M if the 


ny ES TT TT mow ew —_——— 


an appending weight as P, (which I ſhall cal the tn given, 
ing force ;) and by a force applied at the middle cin appeat 
C, (which I ſhall call the inflecting force,) let it }; Let 
drawn into the poſition ADB; if the diſtance beten at one 
C and D be exceedingly ſmall in proportion to the lemi ſtretcb 
of the ſtring, or, to ſpeał in the mathematical ira tendec 


11 CD be @ naſcent quantily, the infleftins force u an our 


be meaſured by a rectangle under the ſpace CID, WM to the 
the lending force af plied to the length of the ſri point 


For ſince the tending force acts upon the ſtrug ot an 
the direction DB, it may be denoted by that line Sin 
and being fo denoted, it may be reſolved into tui; lengt} 
forces, whereof one acts in pulling the ſtring hor CD, 
zontally in the direction CB, and is therefore to where 
expreſſed by CB; whilſt the other acts in drawing be as 
the ſtring perpendicularly upward from D towar gi cafes | 
C, and 1s therefore ro be expreſſed by the line DC the p 


ſo that that portion of the rending force which ac. varies 
in moving the ſtring upward, is to the whole force ever | 
as DC to DB; or, becauſe D and C are ſuppol: tion, 
to be indefinitely near, as DC to CB; but Rl the fa 
force which acts in drawing the ftring upvard, Ml Culun 
equal to the inflecting force, becauſe they bal ot one 
each other; conſequently, the inflecting force 1 10 larger 
the tending force, as CD to CB; and turning ti times 
analogy into an equation, by multiplying the © if 
tremes and means, and then dividing by CY, * lengt 
ſhall have the inflefting force equal to a rectangi dent | 


under the tending force, and the line CD, apple force 
| 2 (i 


or ELASTICK STRINGS. 271 


to half the length of the ſtring ; and therefore, LE Cr. 
foraſmuch as whole quantities are in proportion as XVII. 
their halves, the inflecting force will be as a reftangle ww 
under the tending force and the line CD, applied to- 

the length of the ſtring ; ſo that putting F for the 
inflecting force, P for the tending force, S for the 

line CD, and L for the length of the ſtring, F is as 


SP 


T. Hence it follows, that if P and L, that is, 


if che tending force and length of the ſtring be 
given, the infleCting force 1s as the line CD, as will 
appear from the following experiment. | 
Let a ſmall braſs wire three feet Jong, faſtened Exp. 2. 
at one end, and paſſing over a pin ſo as that when 
ſtretched it may be in an horizontal poſition, be 
tended by a weight of three pounds; and let half 
an ounce, and an ounce, be appended ſucceſſively 
to the middle of the wire; in the former caſe, the 
point of ſuſpenſion will be drawn down th parts 
of an inch, and in the latter ths. 
Since the force which inflects a ſtring of a given 
length, and tended by a given force, is as the ſpace 
CD, through which the ſtring 1s bent; the force 
wherewith the ſtring reſtores it ſelf, muſt likewiſe 
be as CD, becauſe the reſtitutive force is in all 
caſes equal to the inflecting force; conſequently, 
the point D 1s carried towards C, by a force that 
varies with the diſtance ; and therefore, what- 
ever be the diſtance at which it begins it's mo- 
tion, the time wherein it arrives at C will ſtill be | 
tie ame; as I proved in my lecture on the pen- 
dulum. Whence it follows, that the vibrations 
of one and the ſame ſtring, whether they be through 
larger or ſmaller ſpaces, are all performed in equal 
times. 
If L and S be given, F is as P; that is, if the 
length of the ſtring, and the ſpace through which it is 
dent be given, the inflecting force is as the tending 
force; or, in other words, one and the ſame ſtring, 


being 


aff 
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L x c T, being tended by different forces, will upon the in 

XVII. flexion be drawn down equal ſpaces by inflecting 

Wa forces, which are to one another in the ſame Pro- 
portion with the tending forces. 


Exp. 3. Let the ſame wire as before be tended wi 


weight of ſix pounds, and it will require one ounce 
to draw it down g ths of an inch, and two ounce 
to draw it down Fths; whereas, when it wa; 
tended by a weight of three pounds only, it wi 
drawn down the fame ſpaces by half an ounce, and 
an Ounce. 


If P and S be given, F is as 2 that is, if the 


4 


force which tends the ſtring, and the ſpace through 
which it is bent be given, the inflecting force is in. 
verſly as the length of the ſtring; or, in other 
words, if ſtrings of different lengths be tended by 
equal forces, they will be drawn through equal 
ſpaces by inflecting forces, which are to one another 
inverſly as the lengths of the ſtrings. 


Exp. 4. Let a ſmall braſs wire a foot and an half long 
be tended by a weight of three pounds, and it will 
require an ounce to bend it down +.ths of an inch, 
whereas half an ounce was ſufficient to give the 
ſame bent to the wire which was of a double length, 
and under the ſame tenſion. 


The time of a vibration of an elaſtick ſtring is mes. 
ſured by a rectangle, under the length and diameter i 
the firing, applied to the ſquare root of the tending 

orce. For if, as in the caſe of gravity, we 1p 
oſe the force wherewith the inflected ſtring reſtores 
it ſelf to act uniformly, as we ſafely may, becauſe 
the ſpace through which it acts is exceedingly ſmall; 
then the motion generated will be as a rectangle un 
der the force and the time of it's acting; ſo that 
putting M for the motion, F for the reſtitutive 
force, and T for the time of it's acting, M * x 


b 


FT; 
move 
in thi 


6 


the time, that is, 
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FT; but the motion is as the quantity of matter, z er. 


moved into the velocity wherewith it moves; and XVII. 
in this caſe, the quantity of matter is as a produft —— 
under the length of the ſtring, and the ſquare of 

ies diameter; wherefore, putting D, L, and V, to 

denote the diameter, length, and velocity, FT is 

a8 D*LV ; and dividing both fides by F, T is as 

LV 


N but the reſtitutive force of the ſtring be- 


| ing equal to the force which inflects it, and that 


| having been proved to be as , wherein S denotes 


the ſpace through which the ſtring is bent, Pthe tend- 
ing force, and L the length of the ſtring ; if inſtead 
| 7 


DLV 


of F we ſubſtitute 1, T will be as 5 


* 


but the velocity applied to the ſpace is inverſly as 


1 


8 is as 5 and therefore, in- 


| fiead of that, ſubſtituting this, and multiplying 
| both ſides by T, we ſhall have T*, as 


5 3 Br 
P 5 


& | 52 
and therefore, extracting the root, J is as 75 
z 


that is, the time of a vibration, is as a rectangle 
under the diameter and length of the ſtring, applied 
to the ſquare root of the tending force. 

Hlence it follows, that if D and P be given, T 
is as L; that is, if the diameter of the ſtring and 
the tending force be given, the time of the vibra- 
tons varies with the length of the ſtring; as is ma- 
nifeſt from the diviſion of the monochord, wherein 
the parts of the chord which ſound the ſeveral notes 
in an octave, have the ſame proportions to the whole 
chord, that the times of the reſpective notes have Exp. 5. 
to the time of the baſe note; as for inſtance, -one 


half of the chord ſounds an oRave to the whole, 
| whole 


8 4 
K ne 0 I. —— ow a tf we 
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ILE c T. whoſe time is one half of the time of the baſe note. 
XVII. and 3 of the chord ſound a fifth, the time wher:gs 
ss; of the time of the baſe note, and ſo of all the 


Exp. 6. 
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reſt. | 

If P and L be given, then T is as D; that is, 
if the tending force and length of the ſtring be 
given, the time of the vibration 1s as the diameter 
of the ſtring; as will appear, if two wires of qual 
lengths be tended by equal weights, the diamete; 
of one being the goth part of an inch, and that 
of the other the 45th part; for the former will 
ſound an octave to the latter. 

If D and L be given, then T is inverſly as the 


ſquare root of P; that is, if the diameter and 


length of the ſtring be given, the time of the vi. 


bration is inverſly as the ſquare root of the tending 


force; as will appear, if eleven wires equal as to 
length and thickneſs be tended by weights, whole 
ſquare roots are to one another inverſly as the times 
of the notes, in an octave; for the wires ſo tended 
will ſound the reſpective notes. 


Eighth L — 240 

Greater ſeventh — „ — 210753 
Leſſer ſeventh — — Þ+ — 194; 
Greater fixth — — 166 
Leſſer fixth ? — 4 — 1333 
Fiſt — 5 135 

Fourth 2 — 1067 
Greater third 1 — 933 
Leſſer third 67 
Tone major, or ſecond — 3 — 5751.5 
Baſe noie⁊ñĩ5ĩ— f — 1 — 60 


In the left hand column of this table, the num. 
bers expreſs the times of the ſeveral notes; and tne 
numbers in the right hand column, exprels tt 
weights in ounces, whereby the wires which ſound 
the reſpective notes are tended; the ſquare on 4 
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hich weights are to one another inverſly as the 
times of the reſpective notes; as for inſtance, the 
weight which tends the ſtring that ſounds the 
octave, is to the weight whereby the ſtring that 
bonds the baſe note is tended, as 4 to 1, whoſe 
ſquare roots are as 2 to 1, that is, inverſly as the 
ime of the octave, to the time of the baſe note; 
and ſo of all the reſt. | 


LECTURE XVIII. 


Or THE MoTIloN oF SOUND. 


ward and returning back, is twice accelerated, and 
a often retarded ; but I did not then enquire into 
the law of that acceleration and retardation. I like- 
viſe told you, that all the pulſes of the air move 
qually ſwift, the demonſtration of which I pro- 
miſed to give you in this lecture. 

Now, Sir IsAAc NMEWTox, having in a moſt 
elegant manner, in the 47th Propoſition of the Se- 
und Bock of his Principles demonſtrated, that each 
particle of air, during it's vibratory motion, is ac- 
erated and retarded, in the very ſame manner as 
z pendulum vibrating in a cycloid; and having 
Ixewiſe, in the 49th and goth Propoſitions of the 
ame book, determin&d the velocity of ſound, I 
ball in this lecture lay before you what he has ſaid, 
n relation both to the one and the other, in the 
deareſt light that 1 am able. 


0 the air 15 propagated, during the time that a par- 
ule performs it's vibration, by going forward and 
returning 


*7'3 


N my laſt lecture, wherein I treated of that mo- TI, x c 7. 
tion of the air, which is productive of ſounds, I XVIII. 
hewed you, that each particle of air in going for- = 


As to the firſt, let the line AB denote the length pl. g. 
0 a pulſe, or that ſpace through which the motion Fig. 1. 


* 


2 by 


—ů — — ln . 
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returning back; and let E, F and G, be three par. A 
* 5 — 2 15 phyſical points of air ſituated in the Les 4 
Z ine at equal diſtances, and at reſt; and let EQ, * 
FR, and G, be three equal, but exceedingly ſh; / 185 

ſpaces, through which theſe particles go and tetun WP A 
in their vibrations; which ſpaces, though they he Ly 
here taken of ſome length, to avoid confuſion in the 15 ie, 
ſcheme, are in reality ſo exceedingly ſmall, as tg * Ty 
bear no proportion to AB, the length of a pulſe, Fi th 
Let x, y, and Z denote any intermediate point * N 

in which the particles are found during their motion Ke he 
forward or backward. Let EF, and FG be {mal 4 he 

phyſical lines, or little portions of air, fituated in Wi eng 
ſtrait lines between thoſe- phyſical points; which NN. 0 
Fl. 8. lines are ſucceſſively moved into the places xy, yz, AW 
Fig. 2. and QR, RT. Let the right line PS be drawn a 
Fig. 1. equal to EQ, and on that line as a diameter, let Rocker 
the circle SIP: be deſcribed; and let the circumſe. hem pt 
rence of that circle denote the time of the vibrati- 3 

on of a particle, and the parts of the circumference, Kg 
the proportional parts of the time; ſo as that after te leng 
pl. 3. any time as PH, or PHSh, if right lines as HL e 
Fig. 1. and hl be drawn from the points H and h perpen- FHSi, 1 
0 dicular to SP, and Ex be taken equal to PL, or y, mot 
Pl, the particle E may be found at x. By this will der 

means the particle or phyſical point E, in moving 1 
forward through x to Q, and thence back ag . X,Y; 
through x to E will be accelerated and retardec in TY 
the ſame manner with a pendulum vibrating ina cy- Wl. PL, I 
cloic z inaſmuch as in my lecture on the pendulum, ud in't 
I ſhewed you, that the ſpaces deſcribed by ſuch a ho the + 
pendulum, and the times of deſcribing thole ſpaces, Mu v 
are (as we have now ſuppoſed them to be in tir Wi. dicke 

caſe of the air's motion) as the verſed ſincs and Ip 
arches of a circle, whoſe diameter is equal in lengia 1013 
to the whole cycloid. | 8 the c 
Now, in order to prove that the ſeveral little Por. ben it 
tions of air are agitated in the forementioned mamef un - | 


upanſib 


Or THE\MOTION or SOUND. 277 


*. . their elaſticity, which in this caſe is the true LE er. 
gu WW oving cauſe, let us ſuppoſe them to be ſo moved XVIII. 
dome cauſe or other, be that cauſe what it will.. 
ot nd their elaſticity will be found to be ſuch in eve- 

urn int of their progreſs and return, as muſt of 

be receflity produce in them the ſame degrees of ac- 


eleration and retardation, that gravity does in a 


wb -ndulum vibrating in a cycloid. 

ule In the circumference of the circle, let the equal 
w arches HI and IK, or hi and ik, be taken, bear- 
don 


ing the ſame proportion to the whole circumference, Pl. 8. 
that the little right lines EF and FG, do to AB the Fig. 1. 
gength of a pulſe; and drawing the lines IM and Fig 2. 
KN, or im and kn perpendicular to PS, inaſ- 

much as the points or particles E, F and G, are 

moved in the ſame manner ſucceſſively one after 
mother, the motion beginning with E, and each of 

them performs it's intire vibration, in going for- 

ward and returning back, in the ſame time that the 

motion is propagated through a ſpace equal to AB, 

the length of a pulſe ; if PH or PHSh denotes the 

| ime from the beginning of E's motion, PI or 

Per ils, will denote the time from the beginning of 

Fs motion; and in like manner PK, or PHSk, 

wil denote the time from the beginning of G's 

s rotion. And if the points E, F and G be found 

ax, y and z; the lines Ex, Fy, and Gz, in the 

felt figure, will be reſpectively equal in the ſecond, 


* b PL, PM, and PN, in the progreſs of the points; 
=o nd in their return, equal to Pl, Pm, Pn, thoſe be- 
» = the verſed {ines of the arches which denote the 
* mes. Whence it follows, that xz, which is equal to Fig. 1. 
* liz difference between Ex, and the ſum of EG and 


bz, is in the progreſs of the points, equal to 
10—-LN, and to EG+In in the return; but xz is 
6 the expanſion of the little portion of air EG, 
ben it is in the place xz; conſequently, that expan- 
Wn is to the mean ordinary expanſion, or that 
Wpanlibn which it lias when at reſt before it is put 
Dt 


nga 


Por- 


umer 


by 
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LE o r. into it's vibratory motion, as EG—LN, to xg 
XVIII. when that portion of air in was 1 is found 
-in the place xz; and it is as EG-+In; or, be. 
| cauſe LN and In are equal, as EG HLN, to EG, 
when the portion of air in returning back, is found 
pl. 3. in the ſame place. Let now ID be drawn from 
Fig. 2. the point I, perpendicular to HL, and the naſcent 
triangle HID, will be ſimilar to the triangle OIx . 
becauſe the angles at D and M are right ones, and 
the angles at I are equal, as being each of them the 
complement of one and the ſame angle DIO, tos 
right one; conſequently, DI, or its equal LM, is 
to HI, as IM to the radius Ol, equal to OP; and 
double LM equal to LN, is to double HI equal to 
HK, as IM to OP, and by the conſtruction, HK 
is to EG, as the circumference of the circle, to AB; 
or putting R for the radius of a circle, whoſe cir- 
cumference is equal to AB, as OP to R; whence Nom t. 


reducing theſe two analogies into equations, we ſhall MHK, as 
IN IM HK OP HK anc 


have HK = Op » and FG ET. 5 wherefore, yr" 
multiplying theſe equations together, we ſhall have WIRC, as c 
LN IM : 2 fitteren 
EG =þ- 5 and reſolving this into an analog, chen in 
we ſhall have LN: EG:: IM: R; and os the [: 
courſe, by ſubſtituting IM and R, in the places ot iſo! the « 
LN and EG, the expanſion of the ſmall portion of ck for 
air EG, or of the phyſical point F, when in the lttle lin 
place xz or y, is to it's mean ordinary expanſion, Wiſtiole pc 
as R—IM to R, in it's going forward, and e othe 
Rim, to R, in it's returning; and foraſmuch a the poir 
| it's elaſticity is inverſly as it's expanſion, it's cli by whic 
l ticity when at the point y, is to it's ordinary ccleratec 


| | I 8 eit 
| elaſticity, as RAM to IT in it's progrels, andi atance 
l I I wonſequi 
| init's regreſs in the ſame point, as Nm to By be accelt 


proved 
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— nd by the ſame way of arguing, the elaſtick forces LE Cr. 
be. the phyſical points E and G, when in going for- XVIII. 
T0 yard they are found at x and 2, will be to their or 


1 


A. I | e 
ry elaſticity, as NIL, andN NN to N 


from f P 

cent Nd by ſubducting the latter of theſe quantities from 
IM. ee former, the difference of thoſe forces will be as 
0 HL—KN 

the OR HL Rx RNTIIL XN O N or, 
toa ¶Vecting all the terms of the diviſor except the firſt, 


, is 
and 
ial to 
HK 
AB; 
e cir- 
hence 


» ſhall 


vs being indefinitely ſmall with reſpect to that, as 
— to F 3 or, multiplying both ſides by 
R, as HL—KN to R; but foraſmuch as R is a 
piven quantity, HL—KN is as unity; conſequent- 
ly, the difference of the forces is as HL—KN. But 
from the ſimilarity of triangles, HL—KN is to 
HK, as OM to OI or OP ; conſequently, ſince 
HK and OP are given, HL—KN is as OM; or, 
becauſe SP and EQ are equal, if EQ be biſſected in 
| have WC, as cy. And by the ſame way of reaſoning, the 
ff-1-11ce of the elaſtick forces of the ſame points, 
when in their return they are found at x and 2, is 
d of Ws the ſame cy; but that difference, or the exceſs 
ces of Wet the elaſtick force of the point x above the elaſ- 
ion of eck force of the point z, is the force by which the 
in the tte line or portion of air xz, which lies between 
nſion, ¶ cdoſe points is accelerated in it's progreſs ; and on 
ind as Mite other hand, the exceſs of the elaſtick force of 
ich de point z above that of the point x, is the force 
cli which the ſame little line or portion of air is ac- 
linaryccerated in it's return; ſo that the force by which 
tat little portion is accelerated, is every where as it's 
ſtance from C, the middle point of it's vibration; 
wnſequently, during it's vibratory motion, it muſt 
be accelerated and retarded in the ſame manner with 
{pendulum vibrating in a cycloid ; inaſmuch as I 
poved in my lecture on the pendulum, that the 
T | force 


efore, 


ogy, 
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L x c T. force which agitates the pendulum in the foreme WM force, 
XVIII. tioned manner, is every where as it's diſtance fore u 
WAY the middle or loweſt point of the vibration. HK t 
what has been thus proved of the little portion EG KN v 

is in like manner demonſtrable of every other H differ 

portion of air, through which the motion is prolly” ina 

ated. whole 

As to the velocity of ſound, or what amount (of which 

the ſame thing, of the pulſes of the air, if a pendiluſ preſſes 

be made equal in length to the height of an hond homo 

| geneal atmoſphere, whoſe weight is equal to H EG; 
| of our atmoſphere, and it's denſity the ſame vi which 
that of the air at the ſurface of the earth; vH, points 
| height is, as I ſhewed you in a former lecture, equi veight 
| to 29725 feet, and which I ſhall now denote Hof the 
| the letter H; in the ſame time that ſuch a pendi two la 
lum performs an intire vibration by going fend HK _ 
and returning back, a pulſe of the air will mH R © 

through a ſpace equal to the circumference of a cirlWtwo m 
deſcribed with the radius H. For if the little po 

Pl. 8. tion of air EG, vibrating through a ſmall ſpace; 
Fig. 2. PS, be acted upon at P and 8, the extremities of t 
ſpace through which it vibrates by an elaſtick for 

equal to it's gravity, it will perform it's vibrations! 

the ſame time that it would inacycloid whoſe length 

equal to PS; becauſe equal forces muſt of necell 

move equal bodies through equal ſpaces in equal time 

Since then, the times of vibrations are in the {ul 
duplicate ratio of the lengths of the pendulum 

and the length of any pendulum is oval fo half 

the cycloid, wherein it vibrates; the time in wild 

the ſmall portion of air would vibrate by the tore 

of it's gravity in a cycloid equal in length to 1 

muſt be to the time of the vibration of a pendulu 

whoſe length is H, in the ſubduplicate ratio of H 

to H. But the elaſtick force which acts upon 

little portion of air in the extreme points P and 


was proved to be to it's whole or ordinary 44 
7 on 
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LE e r. compounded of the laſt mentioned ratio, and of the 0 
q XVIII. ſubduplicate ratio of PO to ; that is, as R*xPO whoſe | 
1 Wa) H*xPO; that is, by dividing by PO, and extract. lum w! 
| ing the ſquare roots in the ſimple ratio of R to H. nd fin 
\l Bur in the time that the little portion of air per- heavy 
it forms one vibration by going forward and returning vill ca 
back, the pulſe is carried through a ſpace equal to AB, ¶ fame 
conſequently, the time in which a pulſe moves from WM that ve 
A to B, 1s to the time in which a pendulum whoſe As a 
length is H, ſwings forward and backward, as R of the 

to H, or as BC, the circumference of a circle whoſe Wt plicate 

1 radius is R, to the circumference of a circle whoſe Hof the 
| radius is H; but the time of the pulſe's motion WM for finc 
| from A to B, is to the time in which it move; s a be 
| through a ſpace equal to the circumference of a WH, an 
circle whoſe radius is H, in the ſame proportion; dies, a 

wherefore, in the ſame time that a pendulum whoſe from v 

length is H, ſwings forward and backward, a pulſe Wi «ty of 
will move through a ſpace equal to the circumfe- the he! 
; rence of a circle whoſe radius is H, which was the WW nveril 
| thing to be proved. of the 
As a Corollary it follows, that the pulſes move ¶ *aſtici 

with ſuch a velocity as a heavy body acquires in WM Lenſit) 

falling down half the height denoted by H; for in W') 0 | 

the ſame time with the fall, they will with a velo ribs, 1 

city equal to that acquired by the fall, deſcribe a ume 1 

ſpace double that of the fall, that is, a ſpace equal I lower 

to II; and of conſequence, in the time that the Klon 

pendulum vibrates forward and backward, they and at 

will run through a ſpace equal to the circumference WM vat 

of a circle whoſe radius is H. For, in my lecture on ves 

the pendulum, I ſhewed you, that the time of the ; fe 

fall through half the length of the pendulum, is to the dulum 

time of one vibration, as the diameter of a circle, dy gol 

to it's circumference ; and of courſe, to the time of of tim 

a double vibration, as the radius to the circumic- 725 

rence. Since then it has been proved, that the uon 1 

pulſes move with ſuch a velocity as carries them Wi bund 

through a ſpace equal to the circumference of a n 5 _ 

| Whole N 
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= whoſe radius is H, in the ſame time that a pendu-L x Or. 
Fact. um whoſe length is H, performs a double ſwing; XVIII. 
H. nd ſince it appears that the velocity acquired by a 
per- beavy body in falling down half the height H, 
ning vill carry the pulſes through the ſame ſpace in the 
AB, ame time, it is manifeſt, that they move with 
Tom that velocity. | | 
hoſe As a ſecond Corollary it follows, that the velocity 
as Rol the pulſes is in a ratio compounded of the ſubdu- 
hoſe plicate ratio of the air's elaſticity directly, and 
hoſe WW of the ſubduplicate ratio of it's denſity inverſly ; 
tion for fince the velocity wherewith they move, is ſuch 
ove; ss a body acquires in falling down half the height 
of a WH, and ſince the velocities acquired by falling bo- 
ion; (dies, are in the ſubduplicate vatios of the heights 
hoſe tom which they fall, it is manifeſt, that the velo- 
pulſe city of the pulſes is as the ſquare root of H, but 
mfe- the height H is directly as the air's elaſticity, and 
s the WF inverſly as it's denſity; conſequently, the velocity 
of the pulſes is in the ſubduplicate razzo of the air's 
nove Wt laſticity directly, and the ſubduplicate ratio of it's 
es in Lenſity inverſly. Whence it appears, that the veloci- 
or in of the pulſes is given, foraſmuch as, ceteris pa- 
velo- , the elaſticity is as the denſity. In the winter 


o the 
ircle, 
ne of 
mfe- 
the 
hem 
ircle 


hoſe 


time indeed, the motion of the pulſes is ſomewhat 
lower than in ſummer, becauſe the coldneſs of that 
eaſon does in ſome meaſure weaken the elaſticity, 
and at the ſame time increaſe the denſity. From 
what has been ſaid, the ſpace through which ſound 
moves 1n any given time, may readily be determin- 
ed; for ſince it is known by experience, that a pen- 
dulum 39+ inches long, performs a double vibration 
by going forward and returning back in two ſeconds 
af time, a pendulum whoſe length is H, that is 
29725 feet long, will perform a like double vibra- 
uon in 1904 ſeconds ; conſequently, in that time 
ound will move through a ſpace equal to the circum- 
(rence of a circle whoſe radius is 29725 feet; that 


5 1t will move through 186768 feet, which being 
1 © 3 di- 
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y 1903, gives a quotient of 979 feet, for 
pace through which ſound moves 1n one ſecond 


of time. But it muſt be obſerved, that in this com. 


putation no regard has been had to the thickneſ of 
the ſolid particles of air, through which found is pro. 
pagated in an inſtant z if that therefore be allowed 
for, the velocity of ſound will come out greater in 
the 8 of about ten to nine; for ſince the 
ſpecifick gravity of air is to that of water, as 1 to 
870, if we ſuppoſe the particles of air to be equally 
denſe with thoſe of water, and that the greater ti. 
rity of air is owing to the greater interval between 
it's particles, it follows, that that interval is about 
nine times as great as the diameter of a particle; 
conſequently, a tenth partof the ſpace through which 
{ound is propagated 1s poſſeſſed by the particles of 
air; if therefore to 979 feet, which is the ſpace 
through which ſound would move in a ſecond, in caſe 
the particles of air had no magnitude, we add a 
ninth part, or 109 feet more on account of the 


thickneſs of the particles, we ſhall have 1088 feet for 
the ſpace through which ſound is carried in a ſecond 


of time. Beſides, as there are vapours diſperſed 
through the air, which being of a different tone and 
elaſticity, do not partake of that motion of the 
true air by vertue whereof ſound is propagated, 
the moving cauſe having on that account fewer pat- 
ticles of matter to agitate, muſt of neceſſity give 
them a greater velocity; and from the nature oi 
motion it is evident, that the velocity will be great 
er in the inverſe ſubduplicate ratio of the quantity 
of matter to be moved; that is to ſay, if we ſup- 
poſe the atmoſphere to conſiſt of ten parts of true 
air, and one part of vapours, the motion of ſound 
will be quicker in ſuch an atmoſphere, than in an 
atmoſphere conſiſting intirely of true air, in the ſub: 
duplicate ratio of 11 to 10, or in the ſimple ratio! 
about 21 to 20. If therefore the velocity laſt found 
be augmented, in that proportion, we ſhall have 
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142 feet for the ſpace through which ſound moves LE Or. 
one ſecond of time; and this agrees with the XVIII. 
ſt accurate experiments that have been made.... 
xr diſcovering the velocity of ſound. 

The ſpace through which ſound moves in a ſecond 


. 


t, ſor 
econd 
com- 
eſs of 


* time being thus diſcovered, the length of the 
ter in Wulſes excited by the vibrations of a ſounding body 
de the Puy likewiſe be found, provided the number of 


nbrations performed by the ſounding body in a 
pyen time, can by any method be determined; for 
ce each vibration excites a new pulſe, all that is 
quifite to be done, is to divide 1142 by the num- 
er of vibrations which the founding body performs 
1a ſecond, and the quotient will expreſs the length 
ff a pulſe in feet. Now, the number of vibrations 
wich a founding body performs in a given time, 


ticle ; 
which 


* jus been determined by Mr. Sa vvxux, in the fol- 
ncaſe ing manner; LO Muſicians having frequently 
dd 2 obſerved, that if two organ pipes which are near- 
the h uniſons, be made to ſound together, there are 
et for certain inſtants of time, and thoſe, as well as 
«cond they can be judged of by the ear, at equal inter- 
orſes WF" vals, wherein their joint ſound is ſtronger, than 


«ans WM i the intermediate times.” This Mr. Sauveur, 


£ the WJ'"th great appearance of reaſon, thinks is owing to 
rated, te coincidence of their vibrations at thoſe inſtants ; 
r pat br when by the coincidence of their vibrations, 


they ſtrike the ear at one and the ſame inſtant, 
dey muſt needs make a ſtronger impreſſion upon 
, than when they ſtrike it ſeparately one after ano- 
ner. Taking this for granted, he, by the help of 
ipendulum, took the time between two ſucceſſive 
wncidences in the vibrations of two pipes of con- 
iderable lengths, and nearly of the ſame tone; he 
made choice of long pipes, becauſe the coincidences 
if their vibrations are rarer, and conſequently, the 
ltervals between the coincidences are more eaſily 
meaſured, in long pipes than in ſhort ones. Hav- 
ug thus found the time which paſſed between two 

T4 ſuc⸗ 
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LE r. ſucceſſive coincidences, he readily found the num. 
XVIII. ber of vibrations performed by each pipe in the 
WwWy>w ſame time, they being inverſly as the numbers cx. 

preſſing the proportion of the tones of the pipes; x 


in the 
in mo 
that b 
the A 


tor inſtance, if the time between two ſucceſſive co. WM it's co 
incidences was found to be the ſixth part of a (c. Wi cloſely 
cond, and the nymbers dy oe: the propor: muſt 
tion of the tones of the pipes were 45 and 46, the ¶ the ai! 
longer pipe performed 45 vibrations, and the ſhort. of cor 
er 46, in the ſixth part of a ſecond. From theſe Wl poſſib 
experiments he found, that a pipe, whoſe length I were 
was about five Pariſian feet, had the ſame tone air. 


with a ſtring that vibrates an hundred times in a ſe. 
cond z conſequently, of the pulſes excited by the 
ſounding of ſuch a pipe, there are about one hun- 
dred in the ſpace of 1142 Engliſb, or 1070 Pariſar 
feet; and of oa the length of one pulſe is about 
10 Pariſian feet and ths, that is about twice the 
length of the pipe; whence it is probable, that the 
lengths of the pulſes excited by the ſoundings of 
open pipes, are 1n all caſes equal to twice the length 
of the pipes. 

In a former lecture, ſpeaking of the increaſe off fi 


which motion received by being communicated of th 
from a ſmaller elaſtick body to a larger, I took oc- bor tl 
caſion to give a reaſon for the augmentation of of at 
ſound in ſpeaking trumpets ; I ſhall cloſe this lec- WW was 

ture, by acccounting for it from the nature of the Aſtre 
pulſes of the air. From what has been ſaid in rela- WWW him 
tion to the properties of thoſe pulſes, it is manifelt, Wl {tes 
that the greater their condenſation is, the ſtronger be 
is the ſound which they excite; now, when the I "app 
voice acts upon a portion of air confined within a they 
trumpet, it muſt neceſſarily make a ſtronger im- on t 
preſſion upon it, and of courſe condenſe it more, . vith 
than when it acts upon it in an unconfined ſtate; ina Wl ot © 
much as in the former caſe, the force of the voice 1s that 


wholly imployed in giving motion to that ſmall pot- 


tion of air which lies within the trumpet, wheres 
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n tee latter caſe, not only that portion of air is put 
n the nn motion by the force of the voice, but likewiſe all 
rs ex. WW that body of air which immediately ſurrounds it; 
sse air then in the trumpet being by reaſon of 


it's confinement, more ſtrongly agitated and more 


a (c. WF cloſely condenſed, than it would otherwiſe be, 
opt. muſt at the exit of the trumpet, communicate to 
6, the the air without greater degrees of condenſation ; and 


ſhort- ¶ of conſequence, produce a louder found, than could 
theſe WH poſſibly be excited by the ſame force of the voice, 
ength WI were it immediately impreſſed on the unconfined 
tone air. 

a ſe- 

Jy the 
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100 Or LIGHT, 

ce the 

at the IGHT, whereof I intend to treat in this I. E @ +, 
gs of L lecture, is a moſt ſubtile fluid, conſiſting of XIX. 
ength particles exceedingly ſmall, but of different magni- Cogn 


tudes, as ſhall be ſhewn hereafter, which are thrown 


creaſe WF off from luminous bodies by the vibrating motions 


cated Wl of their parts, with a velocity ſurpriſingly great; 
Koc. tor they do not ſpend above ſeven or eight minutes 
on of WF of an hour in paſſing from the ſun to the earth, as 
s lec- was obſerved firſt by Mr. Romer, Profeſſor of 
f the Aſtronomy to the late King of France; and after 
\ rela- him by others, by means of the eclipſes of the ſatel- 
nifelt, wes of JIT ER; for theſe eclipſes, when the earth 
onger WF 1vbetween the ſun and JueiTER, are obſerved to 
n the happen about ſeven or eight minutes ſooner than 
win 4 they ought to do by the aſtronomical tables; and 
r im- on the contrary, when the earth is beyond the ſun 
2 ut reſpect to Jui ER, they happen about ſeven 
inal- 


or eight minutes later than they ought to do; ſo 
that in the latter ſituation of the earth, they are ob 
ſerved to happen fourteen or ſixteen minutes later 
than in the former; foraſmuch therefore as the * 
tes 


ice 18 
pot- 
ercas 

in 
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Le T. Ates cannot diſappear, but muſt continue viſible tg 
XIX. the eye of an obſerver, till all that light which they 
effect before their immerſions has paſſed by the 


2 


3. 


ow of obſervation, it follows, that the reflected 
ight of the ſatellites ſpends fourteen or ſixteen mi. 
nutes in paſſing from one end of the diameter of 
the earth's orbit to the other; and conſequently, 
half that time in moving from the ſun to the earth, 
Hence, if the diſtance of the ſun from the earth be 
70 millions of miles, as it muſt be on ſuppoſition 
that it's horizontal parallax is twelve ſeconds of a 
degree, and ſuch the moſt accurate obſervations of 
the lateſt aſtronomers make it; then light moves 
at the rate of about 150 thouſand miles in a ſecond 
of time, and it's velocity exceeds the velocity of 
ſound, in the proportion of above ſeven hundred 
thouſand to one. 

The motion of light is in it's own nature rectili- 
neal, as is evident from the ſhadows which all opaque 
bodies caſt when placed in the light of the ſun, or of 
any other luminous body; and yet the beams or 
rays of light in paſſing out of one tranſparent 
3 medium into another of a different denſity, 
are bent and turned out of their way; or to ſpeak 
more properly, they are made to change the direc- 
tion of their motion; and this bending or change 
of direction is commonly called refraction; and it 
has been found by experience, that the rays in paſ- 
fing out of a rarer medium into a denſer, are bent 
in ſuch a manner as to be brought nearer to a line 
drawn perpendicular to the refracting ſurface at the 
point of incidence; and on the contrary, in their 
—— out of a denſer medium into a rarer, they 

ecline from the perpendicular. 3 

For the illuſtration of which, let AB repreſent 
a ray of light moving in air from A to B, and pa 
ſing into water at B, and let HK be perpendicular 
to the ſurface of the water at the point B; when 
the raygoes into the water, it does not continue it k 

I mode 
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notion ſtrait forward in the line BC, but in ſome LE C 7. 

other line as BD, which is more inclined to the XIX. 
rpendicular BK. And on the other hand, if the vw 

lde DB be ſuppoſed to be a ray of light moving in 

vater from D to B, and there paſſing into air, in- 

ſtead of continuing it's motion in the direction BE, 

it goes on in ſome other direction as BA, which 

being leſs inclined to, is more diſtant from, the per- 

ndicular BH; as will appear from the following 
eriment. Let an empty veſſel as BCDE, have * 7. 

2 {mfll object as A, placed at it's bottom; and let it p, 8. 

be ſo ſituated as that the ſight of the object may be 

interceped by the ſide of the veſſel from an eye 

placed at Q; let then the veſſel be filled with wa- 

ter, and the ray AB, which before the pouring in 

of the water, moved in a right line from A to K, 

and by ſo doing paſſed above the eye, will upon it's 

emerſion out of the water be bent downward, ſo as 

to ſtrike upon the eye, and thereby render the.ob- 

ect viſible. 

This bending of the rays in their paſſage out of 

one medium into another, ſeems to be owing to 

the attractive force of the denſer medium acting 

upon the rays at right angles to the ſurface, as may: 

appear by conſidering the conſequences of ſuch an 

attraction, | 5 

Let then AC be a ray of light moving from A Pl. 8. 

to C, and there entring into a denſer medium, the Fig. 8. 

ſurface which ſeparates the two mediums being de- 

noted by the line HK. The motion of the ray in 

the direction AC, being reſolved according to the 

known method into two, one in the direction AD, 

and the other in the direction AB or DC, whereof 

the former is parallel, and the latter perpendicular 

o HK; it is manifeſt, that as the ray enters into 

the denſer medium at C, it's perpendicular motion 

mult be accelerated by the attraction, whilſt it's pa- 

rllel motion continues the ſame ; let then the line 

CG be taken in the ſame proportion to CD, _ 

1 the 


L x cr. the velocity of the perpendicular motion after te. 
XIX. fraction has to the velocity thereof before the te. 
fraction; and foraſmuch as the parallel motion i; 


AD, LM, that is, the fine of the angle MCL, 
muſt be leſs than AD, the fine of AC; conſe- 
quently, by the attraction of the denſer medium, 
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the ſame before and after refraction, let CE be tak. 
en equal to AD or BC, and letting fall EE equal 
and parallel to CG, and drawing the diagonal CF 
the ray after refraction will deſcribe the line CF in 
the ſame time that it moved from A to C before 
the refraction: ;-and foraſmuch as GF is equal to 


the ray in paſſing into that medium 1s brought 
nearer to the'perpendicular. 39 

Again, let FC denote the motion of a ray in the 
denſer medium from F to C, and let this motion 
be reſolved into two others, one in the direction 
FG or EC, and the other in the direction FE or 
GC, the former being parallel, and the latter per- of ffte 
pendicular to HK; when the ray paſſes into the . N DB 
rer medium at C, the parallel motion does not ſuf. Mie & + 


ter any change from the attraction; but the per- uc eve 
pendicular motion is retarded by the attractive i 5 
force, which in this caſe acts in direct oppoſition to 4M 
it; let then CD be to GC, as the perpendicularve- With o 


locity of the ray in the rarer medium, to the per- Wnyd | 

ndicular velocity thereof in the denſer ; and let No as ti 

A be drawn equal and parallel to FG, in order to ninute 
denote the parallel motion of the ray after retraction; Wlmore 
and the diagonal CA will be the line deſcribed by Name c 
the ray after refraction, in a ſpace of time equal to Wd tro, 
that wherein it deſcribed the line FC before refracti- 
on; and foraſmuch as AD is equal to GE, it mult 
be greater than LM]; conſequently, the Angle ACD 
is greater than FCG ; and therefore, the ray in pal- 
ſing out of a denſer medium into a rarer, is by the 
attraction of the denſer medium, bent from the per 
pendicular ; ſo that in both caſes, the refraction 


ſeems to be owing to the attractive force of the _ 
; er 


, h —˙ 


{r medium, acting upon the rays at right angles to LE c T; 
is ſurface; and what farther confirms this opinion XIX. 
is, that the denſer any medium is, and conſequent 
, the ſtronger it's attraction, the greater, ceteris 

faribus, is it's refractive power; thus oil of vitriol, 

whoſe denſity exceeds the denſity of water in the 
proportion nearly of three to two, acts more forci- 

bly than water on the rays of light, in bending and 

turning them out of their way; as will appear from 

the following experiment; let the ſixth figure re- Exp. 2. 
preſent a Quadrant, whoſe radius AB is parallel to Pl. 8. 

the horizon; and let A be a ſmall coloured object, Fig. 6. 


1 the placed at the center of the quadrant, with it's real 
"tion place at A. Let then the veſſel be filled with wa- 
ction Wer, and let the object be raiſed on the limb of the 
E or quadrant as high as D, that 1s to ſay, to the height 
Per- of fifteen degrees and twenty minutes, and the rays 
e rd. s DB, which go from it towards the priſm, will 
t ſuf. ¶ be ſo bent in paſſing through the water as to enter 
Pet. ¶ uc eye in a direction parallel to the horizon, and 
tive repreſent the object as if placed at A. And the 
en 10 ame thing will happen when the veſſel is filled 
ve. N vith oil of vitriol, excepting only, that the object 
peil. nuſt be raiſed to a greater height ſuppoſe to E, 
5 let 0 as to have an elevation of 20 degrees and eight 
cr 0 Wſninutes ; which plainly ſhews, that the rays are 
tion; N nore bent, and ſuffer a greater refraction under the 
b ane circumſtances from oil of vitriol, than they 
1al 10 co trom water. ; 

ract1- 

muſt 
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* 

per- | 
frion Refractions 
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placed on the limb of the quadrant at the extremit 
of the horizontal radius; this being viewed throug 
n empty glaſs veſſel as C, of a priſmatick form, 


118. 


| XIX. Refractions taken by the Quadrant and priſmaii 


Or LIGHT, 


veſſel. 


= of turpentine 0.869 | 22.34 | 3837582 
Oil of linſeed | 0.929] 22.57 | 388927 


Fig. 7. 
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The denſer medium begins to attract the rays a 
ſome diſtance from it's ſurface, and it acts upo 
them more and more forcibly in proportion as the 
diſtance from it's ſurface leſſens; but however, 
what follows I ſhall ſuppoſe the attractive force ti 
act with the ſame vigour in all parts of the ſpac 
through which it extends itſelf ; becauſe, as that ſpad 
is indefinitely ſmall, no ſenſible error will ariſe fro 
ſuch a ſuppoſition. If then CD be the ſurface « 
the denſer medium, and AB the ſpace through whid 
the attractive force extends itſelf from A to B 
ray of light in paſſing from B to A will be acce 
rated in ſuch a manner as that the perpendicular ve 
locity thereof at the point A will be equal to th 
{quare root of the ſum of the ſquare of the perpen 
dicular velocity of the ray at it's incidence on ti 
point B, and of the ſquare of the E 2 
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the ſpace BA, the motion which it generates will 


INES $to1t's properties correſpond with the motion ari- 


be velocity of a ray at A, on ſuppoſition that from 


i ſtate of reſt it begins it's motion at B; but if at B 
it has a velocity expreſſed by any right line as IK, 
| to GH, let the triangle be continued on till 
the portion IFLK becomes equal to EGH, and 
FL will expreſs the velocity of the ray at the point 
A; and foraſmuch as the triangle EFL, is equal to 
the ſum of the two triangles EGH and EIK, FL 
z equal to the ſquare root of the ſum of the ſquares 
of GH and IK ; that is, the perpendicular veloci- 
ty of the ray at A, is equal to the ſquare root of 
the ſum of the ſquare of the perpendicular velocity 
of the ray at it's incidence on the point B, and of 
the ſquare of the perpendicular velocity which it 
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68020 
56374 
2371 


37582 


rays A vould have at A, on ſuppoſition that it began it's 

s upoWnotion at B from a ſtate of reſt. And this being 

as theiiyſo, the courſe and velocity of a ray of light after 

yer, i rfraction, in paſſing out of a rarer medium into a 

force tWMienſer, may be determined in the following man- 

1e ſpac er. Let Z be a rarer medium, and X a denſer, ſe- Pl. . 
at ſpaciWparated by the common ſurface EF, on which let a Fig. 9. 


iſe fon of light as A C, fall obliquely, and let AC 


irface of@neaſure the velocity of the ray in the rarer medium; 
h which bich velocity is the ſame, whatever be the incli- 
o B; aon of the ray. From the center C with the 
> acceleW/aces CA, let a circle be deſcribed, in which let 
ular ve NM be drawn through the center perpendicular to 

to ther, and from A let fall AQ perpendicular to EF, 
perpenWv alſo AO perpendicular to NC. The motion of 
> on the ray in the direction AC being reſolved into two 


lar ve 


+ hers, one in the direction AO or QC, and the 
0c 


ter in the direction AQ or OC; the line Wh 
Wi 


ocity which it would have at A, ſuppoſing it began LE Or. 
s motion at B, from a ſtate of reſt. For ſince the XIX. 
utractive force is ſuppoſed to act uniformly through wy 


ing from gravity ; if therefore the triangle EGH Fl. 8. 
be taken to denote the ſpace BA, GH will expreſs Fig 8. 
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Lx o r. will meaſure the velocity of the perpendicula AS: 
XIX. tion; and therefore, if CP 5888 en to ew t follc 
= the perpendicular velocity generated by the at. Wiſ"0'* 
traction of the denſer medium, the line PO will ate) 
meaſure the perpendicular velocity of the ray in the neider 

denſer medium ; and foraſmuch as the velocity of jngle 

the parallel motion is no way altered by the attrac. ther a 

tion, if CV be taken equal to QC, and VB beet; 

drawn parallel to CM, and equal to PO, it is evi. the 

dent, that the ray after refraction, will deſcribe the I 

line CB, and that the velocity of it's motion wil ill be 

be meaſured by that line. df Inch 


As a Corollary, from what has been proved it MP! tft 
follows, that the velocity of the refracted ray in the ales! 
denſer medium is no way varied by varying the in- incie 

clination of the incident ray; for the ſquare of BCBWm” ( 
being equal to the ſum of the ſquares of BY and Juently 
CV, or of PO and AO, and the ſquare of PO be. {clinat 
ing equal to the ſum of the ſquares of CO and PC,” P. 
the ſquare of CB is equal to the ſum of the ſquares WMF*** 4 
of AO, CO, and PC; but the ſquares of AO and peciun 
CO are equal to the ſquare of CA or CN]; conſe able 


quently, the ſquare of CB is equal to the ſum d enter r 
the ſquares of PC and CN, which quantities com that 
tinue unvaried, whatever be the inclination of the dence 
incident ray; and therefore PN or CB is a given * © 
quantity; that is, the meaſure of the velocity, and r mec 
of conſequence, the velocity wherewith the rays ty of 
move after refraction in the denſer medium, is tu 
ways the ſame, however differently inclined tende 
rays may be to the ſurface of the denſer mediunW 1" 
at their incidence thereon. lage i 

The angle ACN, which the line deſcribed by the ke 
incident ray, contains with the perpendicular to tit crpend, 
retracting ſurface at the point fin idence, is called much 
the angle of incidence; and the angle BCM, which % 2 


the line deſcribed by the refracted, contains with ti 

perpendicular to the refracting ſurface at the pont 

of incidence, is called the angle of refraction. 
I 


les, th 
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Asa ſecond Corollary, from what has been proved L + c T. 
follows, that the ſines of theſe angles are to one XIX. 
mother in a given ratio; or in other words, tha 
hatever proportion the ſine of any one angle of 
ncidence bears to the fine of the correſponding 
Ingle of refraction, the ſame does the ſine of any 
ther angle of incidence bear to the ſine of the re- 
pectiye angle of refraction. For ſince CB is cut pl. 8. 
by the circle in the point I, if from Band T, BS Fig. 9. 
ud TR be drawn perpendicular to the radius, BS 
jill be equal to AO, which is the fine of the angle 
incidence, and TR will be the ſine of the angle 
f refraction ; and from the nature of ſimilar tri- 
neles BS is to TR as CB to CI; that is, the ſine 
incidence is to the ſine of refraction in the ſame 
portion with two ſtanding quantities; conſe- 
uently, that proportion is given, whatever be the 
eclination of the incident ray. And what has been 

hus proved, with reſpect to the fines of inci- 
qu ce and refraction, when rays paſs out of a rarer 
O and nedium into a denſer, is in like manner demon- 
Irable of thoſe lines, when the rays move out of a 
enſer medium into a rarer, with this difference on- 
„that whereas in the former caſe the angle of in- 
dence exceeds the angle of re fraction, in the latter 
s exceeded by it; for as the attraction of the den- 


conſe- 
um of 
es CON- 
of the 


given b | | 
A, and medium by accelerating the perpendicular velo- 
ty, | { 

1c ral”! of the rays in their paſſage from a rarer me- 


is , m turns them out of their way, fo as to bring 
4 4 tte en nearer the perpendicular, ſo on the other hand, 
\odiun{W carding their perpendicular velocity in their 
lage into the rarer medium, it turns them out of 

fr way ſo as to remove them farther from the 
to tie bendicular, as has been already ſhewn ; and for- 
called much as the rays are turned out of their way in 
which" caſes by one and the ſame cauſe acting in the 
vith the 2 uniform manner, it is manifeſt, that in both 
e poi les, they muſt be equally bent; conſequently, as 
much. 


d by the 


7 


As 
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Lt c r. much as the angle of incidence exceeds the angle; I ufa 

XIX. refraction when a ray paſſes out of the rarer mediun Wfllo 

wo into the denſer, ſo much mult it be exceeded by it 

when the paſſage of the ray is made the contrary 

Way | 

Now that the ſine of the angle of incidence is to 

the ſine of the angle of retraction in a given 74, 

whatever be the inclination of the incident ray, may 

be proved experimentally in the following manner, WOut « 

Fl. 9. Let a braſs quadrant graduated on both ſides, air 
Fig. 10. and fixed at it's center to a perpendicular pi 

lar in the manner repreſented, have two indics⁊ꝛ — 

as A and B, one on each ſide, moveable on the 

center C; and let the index A, whereof the ſtem 

D is a continuation, be made to point to the 

15th degree, and the index B to the 15th minute of 

the 20th degree; let then the pillar be immerſed in 

water, ſo far as that CE the horizontal edge of the 

quadrant may touch the ſurface of the water, and 

upon viewing the ſtem D which lies within the we 

ter, it will by reaſon of the refraction, ſeem to hare 

changed it's ſituation, and appear to lie in the ſame 

1 with the index B. And the ſame thing will 

ikewiſe obtain, if the index A be ſet at the 30 

degree, and B at the 3oth minute of the 42d de 

gree, Now in both theſe caſes, the angle of inci 

dence is equal to the angle contained between FL 

the perpendicular edge of the quadrant, and tht 

index A; and the angle of refraction is the ang 

made by the perpendicular edge of the quadra 

and the index B; ſo that one of the angles of in 

cidence is 15 degrees, and the other 30, and tif 


N —_ a 4 
1 9 2 * = _ 
<< wo.” — 
1 * — — — - - 
* -== TT RELIES * _—— = 4 
— — —— — * =» 


Reg "op 1 r 
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correſponding angles of refraction are nineteen ning t 
grees, fifteen minutes, and 41 degrees, 30 minutes ents, 

and 25, which is the ſine of the leſſer angle of e of |; 
cidence, is to 33, the fine of the correſponng of dif 


angle of refraction, as 50, the ſine of the great 


angle of incidence, to 66, the fine of the angle d 
| 3 refractiol 
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refraftion which correſponds thereto, as in the 


leof 
following TABLE. 


lum 


pit, 

nary — ngles of |Sines.| Angles of ines. 
15to incidence. efraction. 

atio. (——————— = 80 

jo | d. i e | 
nnet. Out of water int 13. [2588 19. 15 3296 
ſides, air. " OS ” 

r pl 30. [5000] 41. 30 16626 
dice —— — U——— 
n the . d. | 
- ſtem Out of oil of tur- 15. 12588] 22. 3746 
o the pentine. dg: 4 8 | 
te of 30. 15000] 47 7313 
ſed in 

of the 

1 and E E C s U U E XX. 

he wa 
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ng will | 

he 30 ATURALISTS were formerly of opi- Le c T. 
,2d de nion, that LicuT was in it's own nature XX. 


of inc ple and uniform, without any difference or va. 
een F in it's parts. And that Colours, which are 
and tha be the ſubject of this lecture, were nothing elſe 
he ange en certain changes or modifications of light cauſ- 
uadrant by refractions, reflections, and ſhadows. But Sir 
es of e Nrwrox, to whom we are indebed for al- 
and tilt every thing that we know with certainty con- 
-tcen derung the nature of light, has ſhewn from expe- 


ments, that notwithſtanding the uniform appear- 
Ke of light, the particles whereof it is compoſed 
of different colours; and that the colour of each 
ticle is laſting and permanent, ſo as not to be 
uged either by refraction or reflexion. He has 
mile ſhewn, that thoſe particles which differ as 
U 2 to 
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Lex cT. to colour, differ alſo in degrees of refrangibility, 
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by means whereof, the rays of different colours mz ore, 


WA> be ſeparated from each other, and exhibited ns ped pa 
Exp. 1. Let a beam of the ſun's light paſs into a darkene , a 
Ly 1 chamber through a round hole as H, about the M icles 
8. 11. teenth or twentieth part of an inch wide, ſo a; Hees 
fall directly on the middle of a double convey H the) 
as L, ground to a radius of five or fix feet, atem 
placed at the diſtance of ten or twelve feet ſom Thi 
the hole; by which means the image of the hola! lig 
will be projected to I, on the other ſide of the H itude. 

at the diſtance of ten or twelve feet more, and ther e att 
appear white and round. Let then a priſm of (ith < 
lid greeniſh glaſs as P, be placed cloſe behind ti duc 

lens, and in ſuch a poſture as that the beam of light otior 

may fall upon it perpendicular to it's axis, WH cual fe 

is an imaginary ſtrait line, running through tt mot 
middle from one end to the other parallel to i can 
edges; this being done, the image of the hole! the 
inſtead of being round and white, and projcci«i they 

to I, will be long and coloured, and caſt ſidewayW'* il x 

from ]; and the colours of the image taken d dit 

their order from that which lies neareſt to 1, w cha 

be red, orange, yellow, green, blue; purple, and ti ently 

let; as in the image MN, where the ſeveral n, d 

lours are denoted by their initial letters. ng 1m: 

From the lengthening of the round image billing 

the refraction of the priſm, it is evident, that Me ar 

the particles of light which form the image, ſom roach 

are more refrangible than others; for were they ai *l!; 

alike refrangible, the diſtances to which they a Mat as t 
thrown ſideways from their firſt ſituation at m 

would be all equal, and of conſequence, the ea 

cond image would be round as the hrlt. vous 

As in the coloured ſpectrum the red lies neareſt to why 

and the violet fartheſt from I, it is manifeſt, 1485 th 

the red particles in their paſſage through the pri! The 

are puſhed out of their way leſs, and the vio poſ 

| | nos llbly 
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hö ore, than any other; and conſequently, that the LE Or. 


ws. Fed particles have the ſmalleſt degree of refrangibi- XX. 
IJ 5. and the violet the greateſt ; and that the par \yyw 
e ticles of intermediate colours have intermediate de- 


rees of refrangibility, greater or leſs in proportion 


as tg | 
ps they lie nearer to the one or the other of the two 


ex lens 


? and remes. 2 ' 

fon This difference of refrangibility in the particles 
e bo light, argues a difference likewiſe in their mag- 
e V Witudes 3 for ſince one and the ſame cauſe, to wit, 
4 ther ee attraction of the glaſs, acting upon them all 
of ech equal force, and under like circumſtances, 
ad h oduces unequal changes in the directions of their 
ot light otions, it muſt needs be that they move with un- 


qual forces, and conſequently, that their quantities 
motion are unequal, which inequality of moti- 
a can ariſe from nothing elſe but the different ſize 


whic| 


oh th 


to It 
q *. the particles, in caſe they all move cqually ſwift, 
bee are generally ſuppoſed to do, and thar they 


je all perfectly ſolid, as their power of penetrating 
nd diſſolving the denſeſt bodies, without ſuffering 


1deway 
aken | 


I, wii change themſelves, ſeems to require; conſe- 
and u ently, the particles of light which differ as to co- 
eral er, differ allo in magnitude; thoſe of violet be- 


ig ſmalleſt, and the particles of other colours in- 


nage bing continually one above another, as they are 


that ore and more removed from the violet, and ap- 
ze, fom roach nearer to the red, whoſe particles are largeſt 
they al | all; and here it will not be improper to obſerve, 
they 4 ut as the red particles are of all others the largeſt, 
n at WF) muſt on that account act with the greateſt 


ce, and excite the ſtrongeſt vibrations in the 
"vous coat of the eye; which may be one rea- 
M why reds are found to be more offenſive to the 
e than any other colour whatever. 

Lhe ſeven colours whereof the long image is 
PMpoſed are permanent and laſting, and cannot 
plibly be changed, either by refraction or reflexi- 
as will appear from the following experiments. 

5 U 3 Let 


the i 


eareſt te 
eſt, tha 
* prilt 
e viol 

more 
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1 LE c r. Let a ſmall hole be made in the paper whereon the 
a! XX. coloured image is formed, through which, let each of 
wy the ſeven colours paſs ſucceſſively, and falling upon 
Exp. 2. a priſm, be again refracted, and they will be found 

to continue the ſame, without the leaſt change or 
alteration ;- thus the red, when refracted, will con- 
tinue totally of the ſame red colour as before ; nei- 
ther orange, yellow, green, blue, nor any other new 
colour, will ariſe from the refraction; and the like 
conſtancy and „ will be found in the 
other ſix colours, when refracted ſingly and apart 
from the reſt. And as theſe colours are not change- 
able by refraction, ſo neither are they by reflection; 
for if bodies of different colours be placed in the red 
light, they will all appear red, and in the blue light, 
they will appear blue, in the green light, green, and 
ſo of the other colours; in the light of any one 
colour, they will all appear totally of that ſame co-Wiſſhat ex 
lour, with this difference only, that in ſome the 
colour will be more ſtrong and full, in others more 
faint and dilute, every body appearing moſt ſplen- 
did and luminous in the light of it's own colour, 
Exp. 3- 'Thus, for inſtance, if a deep red, as carmine, anda 
full blue, as ultramarine, be held together in the red 
light, they will both appear red; but the carmin 
will appear of a ſtrongly luminous and reſplendent 
red, and the ultramarinè of a faint obſcure and dark 

Exp. 4. red; and on the other hand, if they be held toge- 

ther in the blue light, they will both appear blue; 
but the ultramarine will appear of a ſtrongly lum 
nous and reſplendent blue, and the carmine of 4 
taint dark blue. 

Since the colours of the rays are not capable 0 
being changed either by refraction or reflexion, 1 
is manifeſt, that if the ſun's light conſiſted of but 
one fort of rays, there would be but one colour 
the world; and by conſequence, that the variety 
colours depend upon the compoſition of light. 


is likewiſe manifeſt, that the permanent gs q 
| natur 
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n the 
ch of 


upon 

* pppear of this or that colour. Thus minium, and 
ge or N pcher red bodies, reflect the red rays moſt copiouſly, 
| con- Wed thence appear red; violets, and all other bodies 


if the like colour, reflect the violet rays in greater 
dundance than the reſt, and thence have their co- 
zur; and ſo of other bodies, every body reflect- 
ng the rays of it's own colour more copiouſly than 


; nei- 
r new 
e like 
n the 


apart Ihe reſt, and deriving it's colour from the exceſs 

hange- Nd predominancy of thoſe rays in the reflected 
ction; Might; for though all bodies appear of the farne 
he red Mſolour, when placed together in the light of any 
light, Wine colour, yet every body looks more ſplendid 
n, and ad luminous in the light of it's own colour than 
ny one n that of any other, which puts it paſt diſpute, 
me co. bat every body reflects the rays of it's own colour 
me the greater abundance, than it does the reſt, and 
s more bence has it's colour. 


ſplen· N As natural bodies appear of divers colours, ac- 


colour. M erdingly as they are diſpoſed to reflect moſt co- 
, and i ouſiy the rays originally indued with thoſe colours, 
the reiß from the different proportions which the predomi- 
carn nant rays bear to the reſt of the reflected light, ariſe 
lencent8iMifferent ſhades or degrees in thoſe colours. Where 
nd date predominant rays are very numerous in pro- 
d toge ron to the reſt, the colour appears ſtrong and 
r blue Ml; but as the exceſs of the predominant rays leſ- 
y lum the colour from the mixture of the other rays, 


ne of 4 ates of it's livelineſs, and becomes more faint and 
lute; and when all the rays are equally reflected, 
d that no one kind predominates, the colour 
comes white; for whiteneſs is a mixture of all 
de colours, and it is more or leſs intenſe in pro- 
ortion as the reflected rays are more or fewer in 
umber; all grays, duns, ruſſets, browns, and other 
k and dirty colours, down to the deepeſt black, 


U4 being 


able 0 
xion, Il 
| of but 
olour | 
ariety 0 
ght. | 
lours © 

natur 


a2tural bodies ariſe from hence, that ſome bodies LE c T. 
ellect ſome ſort of rays, and others other ſorts XX. 
more copiouſly than the reſt, and upon that account 
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par 


cold 
the 
con 
part 
wit! 
of 1 


XX. ing from perfect whiteneſs on no other account ty; 

C-— that they conſiſt of a leſſer quantity of light, aud 
conſequently appear lets glaring and luminous, 

The reaſon why bodies reflect this or that kind 

of ray more copiouſly than the reſt, and conk. 

quently appear of this or that colour, depends 4. 

together on the ſize and denſity of the particle 

whereof the bodies are compoſed. Particles « 

coloured bodies reflefting rays of different c- 

lours according to their different magnitudes and 

denſities, as has been fully proved by Sir Is 

Newroxn, from experiments and obſervations mad 

on the colours of thinned bodies of air, water, an 


glaſs ; by the help of which he has, in the ſecond bo 
book of his Opricks, given us a table containing the, 

ſeven orders or ſeries of colours, together with H {+ 

thickneſſes of the particles of air, water, and gals 

which exhibit the ſcveral colours in each order 

which thickneſſes are expreſſed in parts, where 

ten hundred thouſand make an inch. The fir 

part of that table is here laid before you ; and bj 

inſpection thereof it will be found, that in cad 

order of colours, the red is reflected by particis Of: 

the greateſt thickneſs, and that the thickneſſes 3 


the particles which reflect the other colours, gro 
leſs and leſs, as the colours which they reflect d 
more and more removed from the red. It is 
wife manifeſt from the ſame table, that among — 
particles which reflect one and the ſame cob 

thoſe which have the greateſt denſity, have t F 


leaſt thickneſs ; thus for inſtance, the thickne WM % r 
a particle of glaſs which reflects the /carle? of H mac 
ſecond order, is but 123; whereas the thickne FF #50 
water which reflects the ſame colour, is 14, 4 like) 
that of air ſtill greater, to wit 19; ; fo that i four 
thickneſſes of the particles which reflect any co; me 
increaſe as tlieir denſities leſſen; for which rea oft 
EIT 4 | particl anot 
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particles of the ſame thickneſs may reflect different 


colours, provided their denſities be unequal; thus 
the particles of air which reflect the violet of the ſe. 


cond order, have very nearly the ſame thickneſs with * 


particles of water which reflect the green, as alſo 
with the particles of glaſs which reflect the crange 
of the ſame order. 


Thickneſs of 
Air. | Water. (Glaſs. 
Very black 1 1 32 
Black 1 3 r 
Their co- Beginning of Black] 2 117 
lours of | Blue 2.3 11144 
the firſt or- 4 White 54 27. 3 
der, Yellow 77 97 Ly 
Orange 8 6 * 
Led 9 | Ot] 5x 
[Violet ris 2828 
| Indico | 124 94 | 8% 
Blue I4 1042 | 9 
Of the /e- | Green | 15s | 114 | 97 
cong order. & Yellow 167124] 10% 
Orange $35" 1- 23-113. 
Bright red 181 | 133 | 214 
= Scarlet : 194 | 141 | 125 


From what has been ſaid concerning the colours 
of natural bodies, it follows, that if any change be 
made in the ſize or denſity of the particles whereof 
a body is compoſed, the colour of the body will 
likewiſe be changed ; for which reaſon, if two co- 
lourleſs liquors be mixed together, they may in the 
mixing ſuffer ſuch changes in the ſize and denſity 
of their parts from their mutual actions one upon 
mother, as to become opaque and coloured Pay 
uc 
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LE r. ſuch liquors as are coloured, may for the ſame . 

XX. ſon, when mixed together, either become tranſpa. 
rent and colourleſs, or of ſuch a colour as is diffe. 
rent from the colour of either, before the mixture, 
as will appear from the experiments now to be 


made. 


Colours produced by the mixture of liquors void of 


C0 


1. Roſated ſpirit of wine, and ſpirit of vitriol, a Reg, 

2. Solution of mercury, and oil of tartar, Orange. 
ns Solution of ſublimate, and lime water, Tellou. 
4. Tincture of roſes, and oil of tartar, Gree, 
5. Tincture of roſes, and ſpirit of urine, Blue, 
6. Solution of copper, and ſpirit of ſal ar- 


moniack, Purple, 
7. Solution of ſublimate, and ſpirit of ſal 
armoniack, White, 


8. Solution of ſugar, of led, and the ſo- 
lution of vitriol, 


Black, 


Colours ariſing from the mixture of fuch liquors as are 
coloured. 


Yellow. Tincture of ſaffron * 


Red. Tincture of red roſes Cen. 


Blue. Tincture of violets | 
2. T Brown. Spirit of ſulphur 7 Oi 
Red. Hincture of red roſes * Blu, 
Brown. Spirit of hartſhorn 
Blue. I incture of violets Vialtt, 
+ TB Solution of copper 
Tincture of violets 7D. urple 
5. J Blu Blue. Solution of Hungarian vitriol 
6 Blue. Tin&ture of cyanus 70 geen. 
; 4 Blue Spirit of fal. ku coloured 


7. Blue. 
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395 
Blue. Solution of Hungarian vitriol L, rx CT. 
J Brown, Lixivium uhu. XX. 
Blue. Solution of Hungarirn vitriol WY 
ö 1 Red. Tincture of red roſes F Black. 


Blue. Tincture of cyanus 7 Red 
Green. Solution of copper 5 


Colours changed and reſtored. 


i. A ſolution of copper, which is green, by ſpi- 
it of nitre is made colourleſs, and 1s again reſtored 
| by oil of tartar. 

2. A limpid infuſion of galls is made Black by 
2 ſolution of vitriol, and tranſparent again by oil 
of vitriol, and then Vac again by oil of tartar. 

3. Tincture of red roſes is made black by a ſo- 

lution of vitriol, and becomes red again by oil of 
tartar. 
4. A light tincture of roſes, by ſpirit of vitriol 
becomes of a fine red, then by ſpirit of fal armo- 
niack turns green, and then by oil of vitriol be- 
comes red again. 

5. Solution of verdegreaſe, from a green by ſpi- 
nit of vitriol becomes colovrleſs, then by ſpirit of 
al armoniack turns a purple, and then by oil of 
vitriol becomes tranſparent again. 


Among the various phenomena of colours, there 
none more remarkable than that of the rainbow, 
which is an appearance obſervable in thoſe places 
| only where it rains in the ſunſhine, and where the 
ſpectator is placed in a due poſition between the ſun 
and the rain, with his back tothe former; for which 
reaſon it is generally allowed, that the bow is made 
by the refraction of the ſun's light in drops of fall- 
ing rain; the manner wherein it is formed, has in 
lome meaſure been explained by ANToN1US DE 
Downs, archbiſhop of Spalato, and after him by 
DisCarTEs ; but as neither of them — 

the 


LE r. the true origin of colours, it was impoſſible fi 
XX. them not to be defective in their accounts; 28d 
LW,— therefore Sir Is AAC NEWTO, after he had disco. 
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| which go © 

as to exhib 

rain whic 


laced as 
vered the true nature and riſe of colours, ſet hin. WW; 


ſelf to the conſideration of this ſubject, and toward 3 
the latter end of the firſt book of his Optichs, h the image 
given a full and ſatisfactory account of the whole de an eye ſ 
matter; the ſubſtance of what he has there del. If N be 
vered concerning the rainbow, is as follows. AN falls it 

Let a drop of rain, or any other ſpherical tran- HS, which 


ſparent body be repreſented by the ſphere BNE, 


before, all 


and let AN be one of the ſun's rays, incident upon ¶ ich eme 
it at N, and thence refracted to F, where let it rallel. and 
either go out of the ſphere by refraction towards V, mage to 

or be reflected to G; and there let it either go out those rays 
by refraction to R, or be reflected to H, where let from N, a 
ir go out by refraction towards &&, cutting the incident Wl vill be ſca 
ray in Y ; let AN and RG be produced till they WM count wil 
meet in X. Parallel to the incident ray AN, let &4le to « 
the diameter B be drawn, and let BL be a qui ſpectator. 

drant, on every point of which let us ſuppoſe a Now, f 
ray to fall parallel to BO; as the point of incidence Wl rent colon 
removes from B towards L, the angle AXR which WW iangibilit 
the rays AN and RG contain, will firſt increale, Wi made by 1 
and then decreaſe; and on the other hand, the ¶ zf-r one! 


angle AYS, contained between the rays AN and 
18, will firſt decreaſe and then increaſe. This be- 
ing ſo, if we ſuppoſe N to be that point of the 
quadrant B L, whereon if the incident ray AN 
falls, it makes the greateſt angle with the ray GR, 
which emerges after one reflexion; then all the rays 
which fall on each fide at a very little diſtance from 
N, and go out after one reflexion, will emerge pa- 
rallel or very nearly parallel to GR ; whereas thoſe 
which fall on the quadrant at greater diſtances from 
N, will notwithſtanding their paralleliſm betore 
their incidence be ſcattered, and diverge from one 
another after their emergence. If therefore an ce 


be ſituated in the direction of the former 52 
| Which 


n rays of 
ſmalleſt at 
cident ra) 
lexions ; 
that in thi 
angle AX 
the leaſt 
nutes; at 
the greats 
degrees a 
ns 

uppot 
OPa ine 
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which go out parallel, they will enter it ſo copiouſly LE Or. 
as to exhibit the image of the ſun in the drop of XX. 
in which reflects them; but if the eye be ſoo 
placed as to receive the latter rays which go out 
diverging, thoſe which enter the eye will be too 
few to Excite any ſenſation ; and of conſequence, 
the image of the ſun will not appear in the drop 
to an eye ſo ſituated. 

If N be the point, whereon if the incident ray 
AN falls it makes the ſmalleſt angle with the ray 
HS, which emerges after two reflexions ; then, as 
before, all the rays which are incident near N, and 
which emerge after two reflexions, will go out pa- 
rallel, and for that reaſon, will exhibit the ſun's 
image to an eye ſituated in their direction; but 
thoſe rays which are incident at any ſenſible diſtance 
from N, and which emerge after two reflexions, 
will be ſcattered as they go out, and upon that ac- 
count will be too few, and conſequently too 
feeble to excite any ſenſation in the eye of the 
ſpectator. 

Now, foraſmuch as the rays which are of diffe- 
tent colours have likewiſe different degrees of re- 
trangibility, the greateſt angle AX R which can be 
made by the incident rays, and thoſe which go out 
alter one reflexion, will be of different magnitudes 
n rays of different colours; ſo likewiſe will the 
ſmalleſt angle AYS, that can be made by the in- 
cident rays, and thoſe which go out after two re- 
lexions; and it has been found by computation, 
that in the leaſt refrangible or red rays, the greateſt 
angle AXR, is 42 degrees and two minutes; and 
tie leaſt angle AYS, 5o degrees and 57 mi- 
nutes; and in the moſt refrangible or violet rays, 
the greateſt angle AXR, has been found to be 40 
degrees and 17 minutes; and the leaſt angle AYS, 
54 degrees and 7 minutes. | 

Suppoſe now that O is the ſpectator's eye, and Pl. 9. 
OPa line drawn parallel to the ſun's rays 3 and let Fig J. 
2 POE 
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Lz er. POE be an angle of 40 degrees and 17 minute Md ſtrike t. 
XX. POF of 42 degrees 2 minutes, POG of zo ꝙ en. Anc 
—c⁊gĩgrees 57 minutes, and POH an angle of 3% 4. e POH 
grees 7 minutes; and theſe angles turned ahoy 

their common ſide, ſhall with their other ſides OF, 

OF, OG, and OH, deſcribe the verges of two rain- 

bows AFBE and CHDG. For if E, F, G, and 

H, be drops of rain placed any where in the con. 

cal ſurfaces deſcribed by OE, OF, OG, and OH, 

and be illuminated by the ſun's rays SE, SF, $6, 

and SH, the angle S being equal to the angle 

POE, or 40 degrees and 17 minutes, ſhall be the 

greateſt angle in which the moſt refrangible rayscan 

after one reflexion be refracted tothe eye; and there. 

fore, all the drops in the line OF, ſhall ſend the 

moſt refrangible rays moſt copiouſly to the eye, and 

thereby ſtrike the ſenſes with the deepeſt vio/rt co. 

four in that region. And in like manner, the angle 

SFO being equal to the angle POF, or 42 degrees 

2 minutes, ſhall be the greateſt in which the leaſt 
refrangible rays after one reflection can emerge out 

of the drops; and therefore, thoſe rays ſhall come 

molt copioully to the eye from the drops in the line 

OF, and ſtrike the ſenſes with the deepeſt red co. 

lour in that region, And by the fame argument, 

the rays which have intermediate degrees of refran- 
gibility, ſhall come moſt copiouſly from drops be. 

tween E and F, and exhibit the intermediate co- 

Jours in the order which their degrees of refrangi. 

bility require, that is, in the progreſs from E to , 

or from the inſide of the bow to the outſide in this 

ws r, violet, indigo, blue, green, yellow, orange, and 

red. 

Again, the angle SGO being equal to the angle 
PO, or 50 degrees and 51 minutes, ſhall be the 
leaſt angle in which the leaſt refrangible rays can 
after two reflexions emerge out of the drops, and 
therefore the leaſt refrangible rays ſhall come molt 
copioully to the eye from the drops in the line OG, 


and 


zys after t 
Hops; and 
pioully tc 
nd ſtrike 
region. A 
the regions 
vith the in 
eir degre 
he progreſs 
how £0 the « 
Freten, blue, 
lines OE, ( 
where in th. 
b (aid of tl 
be underſto 
in thoſe fun 
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fainter by t 
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nd ſtrike the ſenſe with the deepeſt red in that re- LE cr. | 
on, And the angle SHO being equal to the XX. 
nge POH, or 54 degrees and 7 minutes, ſhall wy 
e the leaſt angle, in which the moſt refrangible 18 
ys after two reflexions, can emerge out of the 
ps; and therefore, thoſe rays ſhall come moſt 
piouſly to the eye from the drops in the line OH, 
nd ſtrike the ſenſes with the deepeſt violet in that 
region. And by the ſame argument, the * in 
the regions between G and H, ſhall ſtrike the ſenſes 
rich the intermediate colours, in the order which 
eir degrees of refrangibility require, that is, in 
he progreſs from G to H, or from the inſide of the 
ow to the outſide in this order, red, orange, yellow, 
ren, blue, indigo, and violet. And ſince theſe four 
lines OE, OF, OG, and OH, may be ſituated any 
where in the abovementioned conical ſurfaces, what 
s ſaid of the drops and colours in theſe lines, is to 
be underſtood of the drops and colours every where 
n thoſe ſurfaces. Thus then ſhall there be made 
two bows of colours, an interior and ſtronger by 
one reflexion in the drops, and an exterior and 
fainter by two (for the light becomes fainter by 
every reflexion,) and their colours ſhall be in a con- 
trary order to one another, the red of both bows 
bordering upon the ſpace GF, which 1s between the 
bows. The breadth of the interior bow meaſured 
crols the colours, ſhall be one degree and 45 mi- 
utes, and the breadth of the exterior, ſhall be 2 
(egrees 10 minutes, and the diſtance between them, 
ſhall be 8 degrees 55 minutes; the greateſt ſemi- 
dameter of the innermoſt, or the angle POF, be- 
ng 42 degrees and 2 minutes, and the leaſt ſemi- 
llameter of the outermoſt, or the angle POG, be- 
ng 50 degrees and 57 minutes. And theſe are 
lie meaſures of the bows as they would be were the 
un but a point; for by the breadth of his body, 
liz breadth of the bows will be increaſed, and their 
diſtance 
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Lc r. diſtance leſſened by half a degree; and ſo the 


XX. breadth of the i — will be 2 degrees 1 5 minutes, 
Ka ang and that of the exterior 3 degrees 40 minutes, and 


their diſtance 8 degrees 25 minutes; the greateſt ſe. I 
midiameterof the interior bow 42 degrees 17 minutes, 
and the leaſt of the exterior 50 degrees 42 minutes; ( 
and ſuch Sir Isa ac NEw ro ſays he has found the 
dimenſions of the bows in the Heavens, when he me 
{ured the ſame, This explication of the rainbow is NTEN 
confirmed by the following experiment; let a glas into th 
Pl.g. globe filled with water, as AB, be hung up in the Ne occaf 
Fig. 3- ſun-ſhine, with a black cloth placed behind it, and all in thi: 
let IS be one of the ſun's rays incident thereon ; te You ſo 
the eye of a ſpectator whoſe back 1s to the ſun, e glaſſes a 
placed at O, and let it be directed to ſuch a point lefective e 
in the owes! part of the globe ſuppoſe C, as that x Juch as are 
ftrait line drawn from the eye through that point, ondly, ſuc 
and continued on till it meets the incident ray like. he former 
wiſe produced, may therewith make an angle OX|, nd the latt 
of 42 degrees 2 minutes; and the ſpectator ſhall Let ABC 
then ſee a full red colour in that fide of the globe" lens 
oppoſed to the ſun as at F; It then the eye be aus of th 
raiſed up gradually to P, till the angle PZ] be ne rays, w. 
comes equal to 40 degrees and 17 minutes, and & Meet and 
the eye riſes, it will perceive other colours, to wit Hough it, 
yellow, green, and blue, ſucceſſively in the ſame lice he glals, a 
of the globe. Ither points 
Again, let the eye be placed at Q, and let it be deir CONCOL 
directed to ſuch a point in the upper part of tis entation of 
globe ſuppoſe D, as that a ſtrait line, drawn from tte erted, becz 
eye through that point and meeting the incident ra ppermoſt x 
protracted, may therewith make an angle (1 ot wermoſt p 
30 degrees and 57 minutes, and there will appeal ow from c 
A faint” red colour in that fide of the globe toward ought tog 
the ſun; let then the eye be gradually depreſſed u 18 ge 
R, till the angle KTI 1s 54 degrees 7 minutes, 1 ty the rig 
the eye ſinks, the rcd will turn ſucceſſively to e fide of 1 
bother colodes; yellow, green, and Glue, as in tbe A the left 
former caſe upon the raiſing of the eye. eof the in 
I. E C T U k de be! 
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INTENDING in my next lecture to enquire L 8 7. 
Lins the NATruRE of Vision, where I ſhall XXI. 
have occaſion to take notice of defective Eyes, ! 
all in this lecture; by way of preparation, lay be- 

ore you ſome of the chief properties of fuch lenſes 

or glaſſes as are moſt commonly in uſe for aſſiſting 

eteftive eyes; and they are of two ſorts, firſt, 

ſuch as are equally convex on both ſides, and ſe- 

ondly, ſuch as are on both ſides equally concave. 

he former fort is repreſented in the fourth figure, 

nd the latter in the fifth. | 

Let ABC be an object placed before the double pj. g. 
ner lens HK; at any diſtance greater than the Fig. 6. 
atius of the ſphere, whereof the lens is a ſegment 3 

he rays, Which iſſue from the feveral points of the 

object, and fall upon the /ens, will, in their paſſage 

hrough it, be ſo bent by the refractive power of 

he glaſs, as to be made to convene at ſo many 

ther points behind the lens, and at the place of 

deir concourſe, they will form an image or repre- 

entation of the object; and this image will be in- 

ferted, becauſe the rays which flow from A, the 

ppermoſt point of the object, are united at F, the 

Wermoſt point of the image, whilſt choſe which 

ow from C, the loweſt point of the object, are 

ought together again at D, the higheſt point of 

e image. So likewiſe thoſe rays which iſſue 

om the right fide of the object, are united in the 

it ſide of the image, whilſt thoſe which proceed 

dum the left ſide of the object, concur in the right 10 
Ke of the image; as will appear by placing a light- 111 
candle before a double convex lens, at ſuch a dif As 
X tance | 
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( 
LE e r. tance as that the image thereof may be formed by th 
XXI. on a piece of white paper placed at a due diſtance : LY b 
——— behind the Jens ; for the flame will appear inen, Et be 
with it's point downward ; and if either ſide of the . 
flame be intercepted by the interpoſition of a d, h ef 
2 the contrary ſide of the image will be 0 2 ch 
cured. 
With regard to this experiment, I muſt obſerve 1 _—_— 
to you, that though there is one certain diſtance, at oo OR 
y : r. 
which the paper muſt be placed, in order to e. ere 
bit the image with the greateſt diſtinetneſß, yet nail” u 
the diſtance be a little varied without rendring the 6 Ra: 
image confuſed; and it is remarkable, that when tbev. k 
the image is projected on the paper at the nearch * * 
diſtance that it can with any degree of diſtinctn6,8 > dh 
it {Pears bordered all around with red; which red * » Milne. 
RH - neſs continually decreaſes, as the paper is more and 7 the | 
3 more removed from the lens; and when it is re Be cars 
| | moved to ſuch a diſtance as is requiſite to give the mera obſcu 
1 image the greateſt advantage in point of diſtind E | 
j . neſs, the redneſs intirely vaniſhes, and leaves t -mity 2 
: image equally white all over; but upon a farthe he how 
. removal of the paper, the edges of the image whid tion, fo 
14 at the neareſt diſtance were tinged with red, dof oe th 
Þ Fl. 9. now apptar tinged with blue. If a candle, when the top e 
0 Fig.7- is placed at A before the convex lens CD, has it'M glass 10 
| image projected on a paper at EF, ſuppoling tral. are , 
1 to be the leaſt diſtance at which it can be projecte et AB b 
0 diſtinctly, it's edges will appear red, but upon ted in the 
{4 removal of the paper to GH, they will becom t looking- 
white; and when the paper is removed to Ik in . 
j they will appear blue; the reaſon of theſe difterenM.c AY 
i appearances 1s this, the rays of light as AC and A which! 
| N which flow from the candle, being cornpounded 0 e object, a 
I particles of different colours, whereof the red a0 wards F 
i leaſt retrangible, and the blue moſt ſo, upon paſia that eh. 
| N through the lens, the blue rays are made to convent | N which 
0 ſooneſt, and the red lateſt; as in the figure wher ud; and f 
f [ the blue are denoted by the pricked lines, and _ 
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y the red rays, which converging more ſlowly 
an the reſt lie outermoſt, 
After the blue rays have concurred, they croſs 
e another, and go on diverging towards GH, 
here meeting with the red rays which have not 
t concurred, and there mixing with them and 
e rays of other colours, they produce a white 
nage, whiteneſs reſulting from a due mixture of 
| the colours; as they proceed forward toward 
„they, by reaſon of their greater divergence, 
read themſelves on all ſides beyond the other 
7s, and by ſo doing, tinge the outlines of the 
nage blue. 
On the formation of pictures by means of a 
ble convex lens, depend the appearances of the 
. obſcura, which is a ſmall ſquare box with a 
Wo: iſſuing horizontally from one fide, at the ex- 
emity whereof is fixed a double condex lens; with- 
the box is placed a looking-glaſs in a ſlanting 
Wlition, ſo as to be at half right angles with the 
eomof the box, which is parallel to the horizon. 
a" fie top of the box is placed horizontally a plate 
lass rough on one ſide, whereon the pictures of 
jects are repreſented in the following manner. 
| t looking-glaſs inclined to the bottom of the box, 
a angle of 45 degrees, LM the plate of rough 
k covering the top of the box horizontally. The 
which flow from A, the uppermoſt point of 
| object, after they have paſſed the lens, converge 
kards F, and would actually meet at that point, 
chat they are intercepted by the looking-glaſs 
Wy! which reflects them, and throws them up- 
and foraſmuch as the inclination of the rays 
| vuds one another is no way altered by the reflexi- 
2 on, 


— — — 8 
e 


1 
_ 
w WM 


n 
T 


* 


* 


5 t 


1 by the continued; fo that an image is formed IE er. 
EF, by the concurrence of ſome of the more XXI. 
frangible rays, and it is tinged around it's edges. 


Let AB be an object placed before CD, the Jens Pl. 9. 


Fin the tube which iſſues from the box; GH fis 
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Le cT. on, they muſt meet at ſome point as K, de 0b 
XXI. tant above the ſpeculum, as hs ang F is 40 f the lens 
Wy > In like manner, the rays which flow from B. d. liſtance of 
loweſt point of the object, and which after they hay pf the ima 
paſſed the glaſs are tending towards E, being ri" Giſtanc 
flected upward by the ſpeculum, are made to cor TY» 
vene at I, whoſe diſtance above the ſpeculum, MDR: F 
equal to the diſtance of E behind the ſpeculum; - 

as the rays from the extreme points A and B, fte truth 

made to convene at K and I, fo thoſe which fol ters af 
from the intermediate points of the object, ar ſrations w. 
brought together at correſponding points betue nd intr ical 

K and I, whereby the image is projected horizo them, but 

tally, but with it's right and left ſides correſpond Ents: 
ing to the contrary ſides of the object; as may ax Let then 

: pou by placing a man before the lens, and cauſi liſtance of 

im to ſtir one of his hands; for in the image wer lens, 
other hand will appear to move. 7 feet two ine 
The diſtance of the image behind the glaſs is n the gl 

ways varied by varying the diſtance of the object age will 
fore the glaſs ; the image approaching as the ee of ſi 
ject recedes, and receding as that approaches. Nee of a 
Pl.g. if we ſuppoſe A and C to be two radiating point ping put e 
Fig. 9. from which the rays AH, AK, and CH, CK iaM"> divided 
upon the lens HK, it is manifeſt, that the rays trot ad an half 

the more diſtant point diverge leſs than thoſe fro It the fle 

the nearer point, the angle at A being leſs than He will 

at C; conſequently, when they pats through t ance of th 

glaſs they muſt be brought together tooner, a neter of tl 

muſt convene at ſome point as B, leſs diſtaut He Will 

the lens, than is the point D, whereat the mo landing in 
diverging rays from the point Care made to co ale D—R 

Venc. ? 8 equal to 

Where the diſtance of the object, and the ra The flam 

agus, the 


of the leus's convexity are given, and where ti 
thickneſs of the Jens is but ſmall, as is common 
the cale ; the diſtance of the image from the 4% 
determined very nearly, by ſaying, as the diſtan 


For in this « 


* which 
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f the image from the lens; that is, putting D for 
the diſtance of the object, R for the radius of the 
onvexity, and F for the diſtance of the image, 
RD 
DR: R:: D: F; conſequently, DN. 
The truth of this rule is demonſtrated by the 
writers af Diop TRI KRS; but as all the demon- 
trations which I have hitherto met with are tedious 
and intricate, I ſhall not at preſent trouble you with 
them, but ſhall proceed to confirm the rule by ex- 
periments. 


liſtance of twelve feet and an half from a double 
mex lens, the radius of whoſe convexity is four 
feet two inches; that is, let the diſtance of the flame 
rom the glaſs be equal to thrice the radius, and the 
mage will be projected behind the lens at the diſ- 
tance of ſix feet three inches, that is, at the diſ- 
ance of a radius and an half; for in this caſe, R 


ad an half in the quotient. 


k equal to D. 


Let then the flame of a candle be placed at the Fx 


being put equal to unity, RD is three, which be- 
ng divided by D—R, that is, by two, gives one 


The flame being placed at the diftance of the Exp. 5. 
aus, the diſtance of the image becomes infinite. 
For in this caſe DR is nothing, and I is equal to 


$i 5 
J which expreſſion denotes an infinite quantity; 
X 3 ſo 


315 
the object from the lens, leſſened by the radius LR Oer. 
the lens's convexity, is to the radius, fo is the XXI. 
ſtance of the object from the lens; to the diſtance Wyo 


3. 


If the flame be brought nearer to the lens, the Exp. 4. 
mage will move farther from it, and when the diſ- 
ance of the flame becomes equal to twice the dia- 
neter of the lens's convexity, the diſtance of the 
mage will be equal to that of the flame, the /ers 
landing in the midway between them ; for in this 
ale D—R is equal to R, and of conſequence, F 
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it the ſmalleſt diſtance, are apt to burn at the place LE Or. 
of theit union; that place is uſually called the focus XXI. 
or burning point, and ſometimes the abſolute focus, In oy 


contradiſtinction to thoſe places whereat the images 

of leſs remote objects are formed, and which are 
frequently called the refpeZ7ive foci. 

The length or breadth of an object, is to the 

esgth or breadth of it's image, as the diſtance of 

e object from the lens, to the diſtance of the 


of it's image ; AB, which is one halt of AC, is to 
FE, which is one half of FD, as BL to EL, the 
triangles ABL and FEL being ſimilar. Hence it 
follows, that the nearer an object approaches the lens, 
the larger is it's image, the image receding, and con- 
ſequently inlarging, as the object approaches; and 


— — — ac 


flame of a candle being placed at a diſtance greater 


alc the diſtance of the image is leſs, appears larger 
than the image; but being brought within the diſ- 
tance of the diameter, the image, which in that 
cale is at the ſame diſtance, becomes equal to it; 
and upon bringing the flame ſtill nigher, the image 
becomes larger in proportion to the ſquare of it's 
greater diſtance. 


pick lantern ; which is a lantern out of which iſſues 
un horizontal arm, capable of being lengthened or 
Inortened at pleaſure, by means of one part ſliding 
In and out of the other ; to the extremity of the 
moveable part is fitted a double convex lens; and to 
hat part of the arm which joins the lantern is ad- 
bpted a glaſs, plane on one ſide, and convex on the 
ther, the plane fide looking towards the lantern ; 
i the body of the lantern there is placed a candle, 
ole diſtance from the plano-convex glaſs is ſome- 


X 4 which 


than the diameter of the /ens's convexity, in which 


The ſame thing is likewiſe evident from the ma- Exp. 7. 


Flat leſs than the focal diſtance ; fo that the light 
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image from the lens. For if AC be the length or Pl. 9. 
breadth of an object, and DF the length or breadth *'s- © 


thus it appears to be from experiments; for the Pxp. 6. 


10 Or DIOPTRICKS. 

L c r. which paſſes through that glaſs, is thrown ve 
XXI. ſtrongly upon little images painted in dilute ©, 

pus on pieces of plain thin glaſs ; which being 


« due diſt 
be placed 
as that th 


fixed in a ſlider that moves to and fro acroß the image ma 

arm, are placed at a ſmall diſtance behind the WW thrown te 

Plano-convex glaſs in an inverted poſition, and by if made to e 

means of the lens in the moveable part of the arm, ¶ to meet a 

are projected in an erect poſition, on a paper off the conca 

white cloth placed at a proper diſtance ; if HH ed, that: 

drawing out the moveable part of the arm, the cance, it 

Home be removed to a greater diftance from the and foraſ 

ens, the lantern muſt be brought nearer to the WW the ſame 

cloth, in order to a diſtinct repreſentation ; becauſe, ¶ the rays b 

as the object recedes from the Jens, the image ap-if on that as 

roaches, and at the ſame time the images will be than the 1 

diminiſhed. But on the other hand, if by thruſt-W uns, the t 

ing in the arm the pictures be brought nearer the cd to fall 

tens, the lantern muſt be removed farther from paper be 

the cloth, and in this caſe, the images will appar appear thi 

Jarger. | honed by 

As convex glaſſes cauſe the rays of light to con-W the glaſs ; 

verge and unite, ſo thoſe which are concave makeW ſhadow, 

them ſeparate and diverge ; for which reaſon, i through t 

| diverging rays fall upon a concave /ens, they vil upon the 

1 diverge mare after they have paſſed through it, tha being ref! 
they did before; and ſuch rays as converge befor what dar 

N their incidence, will after their paſſage convetge which are 
q |. 9. leſs ; for inſtance, if the rays AB and AC, which out the ir 
4 8.11. diverge from A, paſs through the concave en B the paper 

} they will not go on in the directions BD and CE vill grad 
1 but in ſome other directions as BH and CG, ſo , ſhadow w 
0 to widen faſter than before. On the other hand, i at length 
IH HB and GC, be two rays converging towards K, ſhadow, i 
| i after they have paſſed through the glaſs, they will not will ariſe ; 
5 go on towards K, but towards a more diſtant point which wi 
9 a8 A, ſo as to converge more ſlowly than before. A paper is n 
| which is fully confirmed by experiments. For 48 and at the 
| 1 Exp. 8. candle being placed before a convex lens, ſo 45 tog © widen 
i have it's image projected on a white paper, 2 : ances are 


— 
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due diſtance behind the lens, if a concave glaſs Lx r- 
be placed between the convex and the image, ſo XXI. 
x that the rays which are converging towards the WW 


mage may paſs through it, the image will thereby be 
thrown to a greater diſtance behind, the rays being 
made to converge more ſlowly, and of conſequence, 


to meet at a greater diſtance than they did before 


the concave was interpoſed ; and it muſt be obſerv- 
ed, that as the image is thrown to a greater diſ- 
cance, it muſt for that very reaſon be inlarged ; 
and foraſmuch as the larger image 1s compoſed of 
the fame number of rays, or rather fewer, ſome of 
the rays being reflected by the concave lens, it muſt 
on that account appear leſs bright and luminous 
than the ſmaller. If by the removal of the convex 
ens, the rays which flow from the candle be ſuffer. 
ed to fall diverging on the concave, and a white 
paper be placed cloſe behind the glaſs, there will 
appear thereon a dark circle of ſome breadth, occa- 


ſioned by the ſhadow of the hoop which contains 


the glaſs z and the circular area contained within the 
ſhadow, will be inlightened by the rays which paſs 
through the glaſs; and becauſe all the rays which fall 
upon the glaſs, do not paſs through it, ſome of them 
being reflected, the circular area will appear ſome- 
what darker than the other parts of the paper, 
which are expoſed to the light of the candle, with- 
out the interpoſition of the glaſs ; upon removing 
the paper gradually from the glaſs, the circular area 
will gradually inlarge, and as that inlarges, the 
ſhadow which environs it will grow narrower, and 
at length vaniſh ; and upon the vaniſhing of the 
ſhadow, if the paper be removed alittle farther, there 
vill ariſe a bright circle all around the circular are, 
which will grow broader, but leſs bright, as the 
paper is more and more removed from the glaſs ; 
and at the ſametime, the circular area will continue 
io widen, and grow darker. All which appear- 
ances are the natural and neceſſary conſequences of 


the 


320 Or DIOPTRICKS. 
L c T. the divergency or ſpreading, of the rays, occaſioned The d. 
XXI. by their paſſage through the glaſs; for the farther ¶ the preſe: 
—— they go from the glaſs, the more they mult d. intricacy, 
verge, and by ſo doing, muſt an all fides ſpread ſervation 
themſelves into the place of the ſhadow, and req. wards a 
der it equally luminous with the reſt of the area; N whoſe di 
and when they have ſpread themſelves a little be. of it's cc 
yond the limits of the ſhadow, they fall upon ſuch Wl the glaſs, 
parts of the paper as were before inlightned, and WE parallel, 
there, by their additional light, exhibit that bright ¶ conſeque 
circle which ſurrounds the darker area; and the WW which th 
bright circle, by the farther ſpreading of the rays, and the r 


as the paper is more and more removed from the 
glaſs, grows broader and leſs luminous; as docs 
likewiſe the circular area, from the ſpreading i 
the rays wherewith it is enlightned. 

Though concave glaſſes do not collect the rays of 
light, and conſequently, have not a real focus ; yet 


inaſmuch as the rays after they have paſſed through Y 
ſuch glaſſes, do flow in ſuch a manner as that they n 
either tend to ſome. point behind the glaſs, or ap- likewiſe 1 

r to flow from ſome point before it, thoſe points Wl ceives fre 
are uſually called the foci ; and in double concaves WF give you 
of equal concavities, the foci for converging rays ate | If a ſm 
found, by ſaying, as the radius of the glaſs's conca- Wl the room 
vity leſſened by the diſtance of the point of conver- WW of an equ 
gence from the glaſs, is to the radius, ſo is the 0il- Wi pound w! 
tance of the point of convergence to the focus. Ani W it is of: 
the foci for divergingrays are found, by ſaying, as the Wl than in a. 
ſum of the radius and the diſtance of the point of di. branes wi 
vergence from the glaſs, is to the radius, ſo is the Wi the outer, 
diſtance of the point of divergence to the focus. 50 Wl va; it ha 
that putting F for the focus, R for the radius, and Wl vets the 
D for the diſtance of the point of convergence, or ¶ eye, exce 
divergence, F r the negative ſign being to bm ; 
be prefixed to D when the rays converge, and the reckoned 
affirmative where they diverge, * * 

e fir 
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The demonſtration of this Theorem, I ſhall for 
the preſent omit, on account of it's tediouſueſs and 
intricacy, and ſhall cloſe the lecture with this ob- 
ſervation 3 that if rays which are converging to- 
wards a focus be intercepted by a concave lens, 
whoſe diſtance from the focus is equal to the radius 
of it's concavity, after they have paſſed through 
the glaſs, they will ceaſe to converge and become 
parallel, for Rand D being equal, R—D is o; 
conſequently, F 1s infinite ; that 1s, the point to 
which the rays converge, 1s at an infinite diſtance, 
and the rays of courſe muſt be parallel. 
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Y deſign in this lecture, is to explain the LE e r. 
manner of Visio with the naked eye; and XXII. 


lkewiſe to ſhew you, what aſſiſtances the ſight re 


ceives from glaſſes; and in order thereto, I ſhall 
give you a ſhort deſcription of the eye. 

If a ſmall portion be cut off of a globe, and in 
the room thereof a portion of a {mailer globe, but 
of an equal circular baſe be ſubſtituted, the com- 
pound will exhibit the true figure of the eye ; for 
It is of a globular form, but more convex before 
than in any other part. It conſiſts of ſeveral mem- 
branes which lie contiguous one to another, of which 
the outermoſt is called the tunica adnata, or conjuncti- 
va; it has it's riſe from that membrane which in- 
veſts the ſcull, and it covers the whole ball of the 
eye, except the foremoſt tranſparent part; that 


portion of it which is viſible, is called the white of 


be eye. Beſides, this membrane, which is not 
reckoned among the proper coats of the eye, there 
are three others, which conſtitute the proper coats z 
the firſt of which is called the ſclerotica, it is a tough 

membrane 
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LES T. membrane derived from the dura mater, which 
XXII. paſſes to the eye from the brain along with the q. 
- tick nerve, and is thence propagated over the whole 
globe of the eye; on the fore 
tranſparent like thin 


SEE I EEE e und. Yom non 


part 1t becomes 

poliſhed horn, which has 
given anatomiſts occaſion to make two membrane; 
of it, and to call the tranſparent part cornea; this 
part is repreſented by ABF. 

The ſecond membrane, called tunica choroides, is 
derived from the pia mater, and tranſmitted like. 
wiſe from the brain along with the optic nerve; 
this 1s much thinner and tenderer than the former, 
and tinged on the hinder part with a black liquor. 
The fore part is called the wvea, and ſometinne; 
the iris, from it's variety of colours. In it's middlc 
is a {mall hole called the ſight or pupil; the iris con- 
ſiſts of ſeveral circular concentrick muſcular fibres, 
which are cut acroſs at right angles by other ſtrait 
fibres in the manner of ſo many radii; by the con- 
traction of the former the pupil is leſſened, and i; 

inlarged by the contraction of the latter. 

The third coat is uſually called the retina, and 
ſometimes the nervous coat, being nothing elle but 
the optick nerve, which ſpreads itſelf in the form ot 
a membrane over the bottom of the eye, over 

Theſe coats lying contiguous, 
form a capſula or bag, wherein are contained the 
three humours of the eye, called the agucous, the 
cryſtalline, and the vitreous, 

At a little diſtance behind the pupil is placed the 
cryſtalline humour, which is convex on both ſides, 
but ſomewhat flatter before than behind; it is ſup- 
ported by ſmall muſcular fibres, called the cilian li- 
gaments, which are inſerted into the edges of the 
cryſtalline humour at one end, and at the other, 
into the tunice choroides, and being cloſely united, 
form a kind of membrane, whereby the cavity 0! 
the eye is divided into two parts; in the foremoſt 
of which is lodged the aqueous humour, ſo called, 
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decauſe in conſiſtence and colour it ſomewhat re- LEO T. 
ſembles water, being almoſt equally limpid and XXII. 
tranſparent. In the hindmoſt is lodged the vitreous ..]. 


humour, which has it's name from the reſemblance 
it is ſuppoſed to bear to melted glaſs. 

It has been generally thought by Anatomiſts, thas 
the humours of the eye are of different denſities ; 
and that the cryſtalline is much more denſe than 
either of the other two, but Doctor RoINSON 
has informed us in his lecture on the eye, that 
upon weighing theſe humours in an hydtoſtati- 
cal balance, he found the aqueous and vitreous to be 
very nearly of the ſame ſpecifick gravity; and that 
the ſpecifick gravity of the cryſtalline, did not 
exceed the ſpecifick gravity of the others, in a 


| greater N than that of eleven to ten; 


whence 1t follows, that the cryſtalline is not of ſuch 
great uſe in bringing the rays together, and thereby 
forming on the retina the pictures of outward ob- 
jets, as it has been commonly thought to be by 
optical writers; for though in ſhape it reſembles a 
double convex lens, and on that account is fitted to 
make the rays converge ; yet foraſmuch as it is 
ſituated between two humours, which are nearly 
of the ſame denſity with itſelf, it can have but 
little force on the particles of light ; for they are 
found by experience to be refracted very little in 
paſſing out of one medium into another, when the 
— in the denſities of the mediums is but 
mall. 

Behind all the coats and humours 1s ſituated the 
tick nerve, which paſſes out of the ſkull through a 
ſmall hole in the bottom of the orbit which contains 


the eye. O repreſents the optic nerve, SS the ſele- pj 9. 
rotica or outermoſt coat, whoſe foremoſt tranſpa- Fig. 12. 


rent part ABF, is the cornea, CC is the choroides, the 

fore part whereof AP, and FP conſtitutes the we 

or iris, with the pupil PP in the middle; RR is 

the retina, AD and FE the ciliary ligaments, _ 
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Lzer the cryſtalline humour, VV the vitreous humour, an 
XXII. WW the watry bumour. 1 
wy Underneath the white of the eye are inſerted int 


Pl. q. 
Fig. 13. 


Fs 
ip. 14. 
pls. 
Fig. 1. 
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the ſclerotica, fix muſcles, which take their ri 
from different parts of the orbit, and are diſtin 
guiſhed by different names, taken from the cif ] 
rent motions which they give the eye; their tend 1 
dons ſpread themſelves over the /clerotica, ſo as tf 
terminate in the confines of the cornea ; by whic | 
means, when the ſix muſcles act together, thei 
ae the ſides of the eye towards each other, where 
he eye is lengthened, and at the ſame time th 
convexity of the cornea is increaſed ; both whic A 
effects are in ſome caſes abſolutely neceflary i in orf 
der to diſtinct viſion, as will appear preſently. 
Having given this ſhort account of the conſti 
tuent parts of the eye, I now proceed to lay Ws 
you the manner of viſion. If an object as AB, bY 
placed at a convenient diſtance before the eye, tha 
rays which flow from the ſeveral points of the ob 
ject, and falling on the cornea paſs through the il 
wil be brought together by the refractive power oi 
the eye on ſo many correſponding points of thq; '1 
retina, and there paint the image or repreſentation 
of the object, in the ſame manner as the images off 
objects placed before a convex lens are exhibited on 
white paper, placed at a proper diftance behind 
Thus the rays which flow from the I 


J 


int A, ar 
united on the retina at C, and thoſe which iſiu 
from B, are collected at D; and in like manner, 
the rays which proceed from the intermediate 

ints of the object, are again united at ſo many I 
intermediate points on the retina. On this union off 
the rays at the bottom of the eye, depends diſtint 
viſion, for ſhould they be united before they arrive 
at the retina, or ſhould the point of their union lic 
beyond the retina, it is evident, that the rays from 


each point mult take up ſome ſpace on the _ 3 
an 
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and of conſequence, thoſe which flow from conti- L = c r. 
guous points of the object, will be mixed and blend- XXII. 
ed together on the fund of the eye, ſo as to exhi- ?? 


bit a confuſed repreſentation of the object. 


Now foraſmuch as the rays which fall upon the 


eye from radiating points, whoſe diſtances from the 
eye are different, have different degrees of diver- 
gence, the divergency of the rays increaſing as the 
diſtance of the radiating point leſſens, and leſſening 
z that increaſes; and whereas thoſe rays which 
have greater degrees of divergence, require a ſtrong- 
er refractive power to bring them together at a 
given diſtance, than what is requiſite to make thoſe 
meet which diverge leſs, it is manifeſt, that in or- 
der to ſee objects diſtinctly at different diſtances, 
the eye muſt have a power of increaſing and leſſen- 
ing it's refractive force, and thereby of adapting it 
ſelf to the different diſtances of objects; and this 
it does by means of the ſix muſcles which are in- 
ſerted into the ſclerotica; for when a radiating point 
is placed ſo near, as that the rays which iſſue from 
it fall upon the eye with a conſiderable degree of 
| divergence, the muſcles act ſtrongly on the eye, 
whereby the cornea is rendered more convex, and 
of conſequence, refracts the rays with greater force 
belides by the lengthening of the eye from the joint 
action of the muſcles, the retina is removed to a 
greater diſtance from the cornea, by which contri- 
vance, the rays are made to convene at the rema, 
notwithſtanding the great degree of divergence 
vherewith they enter the eye. As the radiating 
point recedes from the eye, and the divergency of 
| the rays of courſe grows leſs, the muſcles relax them- 
ſelyes in order to leſſen the convexity of the cornea, 
and to ſhorten the eye, a leſs convexity of the cornea, 
&alſo a leſs diſtance between the cornea and retina, 
being requiſite to diſtinct viſion in greater diſtances 
df the object than in ſmaller. 


Though 
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XXII. to ſee diſtinctly at different diſtances, yet ſome there 
ere which are defective in this point, as being unable 


PI. 10. 
Fig. 2. 
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Though moſt mens eyes are ſo framed as to be able 


to ſee any thing diſtinctly but when placed very 


near; and this is the caſe of their eyes who art R] 
called myopes, purblind, or ſhort-ſighted ; in ſuch ff © = RT 
the cornea is too CONVEX in JOE to the length diſtance « 
of the eye; for which reaſon, all thoſe rays which aus of t 
iſſue from diſtant points, and of conſequence diverge WM diſtance: 
but little, when they enter the eye, are made to con- gichour :; 
vene before they reach the retina, As theſe men diſtinctly 
advance in years, their eyes like thoſe of other old 
men, for want of a due fupply of humours, abate WW we ſhall 
of their convexity and grow flatter ; upon which radius of 
account they begin to ſee objects diſtinctly at a if. equal co 
tance, without the help of ſpectacles, and arc for n fd an 
that reaſon deemed to have the moſt laſting eyes fach of 
By the help of concave glaſſes, purblind perſons WM under ch 
may ſee diſtant objects diſtinctly; for as It is the TIFF Bj 
property of ſuch glaſſes to make the rays diverge, quired h 
if the rays which flow from a diſtant point, and fal glass, di 
upon the eye with a ſmall degree of divergence, be For inſta 
made to pals through a concave lens of a proper con-: ¶ read at ti 
cavity, they will thereby be made to diverge 10 required 
much, as that the eye, notwithſtanding the great WF inable 15 
convexity of the cornea, ſhall not be able to bring inches 
them together till they arrive at the retina. and D tc 
If CD be a concave lens, and if B be the focus of! ing gy, 
the rays which flow from the point A; that is, f three a; 
therays which diverge from A, paſs through the glaß, WW the rache 
and by the refraction which they ſuffer in their pal nearly. 
ſage, proceed in ſuch a manner as if they had di Wher 
verged from B; and if the diſtance at which 2 BW purblind 
purblind perſon ſees diſtinctly with his naked eye, WM other we 
be equal to the diſtance of B from the glaſs, ſuch 4 W twhich 
perfon will, by the help of the glaſs CD, be able 19 BE fafible 
ſee the point A diſtinctly ; becauſe the rays which to D, a 
flow from A, after they paſs through the glaſs, fallup: WF that in © 


on his eye with the ſame degree of divergence, f 


if they had iſſued from B, the point of diſtinct vi- Ls r. 
fon, Hence it follows, that if in the Theorem laid XXIII. 


down in my laſt lecture, for finding the focus E 
double concaves expoſed to diverging rays, namely 


f= Nb wherein F denotes the focus, D the 


diſtance of the point of divergence, and R the ra- 
dius of the convexity, we ſuppoſe F to denote the 
diſtance at which the purblind perſon ſees diſtinctly 
without a glaſs, and D the diſtance at which he ſees 
diſtinctly by the help of the glaſs, by clearing R 


we ſhall have R = Pg that is to fay, the 


radius of the concavity of a double concaye of 
equal concavities, which inables a purblind perſon 
to ſee an object diſtinctly, when placed beyond the. 
reach of his naked eye, mult be equal to a rectangle, 
under the diſtance at which he fees diſtinctly with 
his naked eye, and the diſtance at which it is re- 
quired he ſhould ſee diſtinttly by the help of the 
glaſs, divided by the difference of thoſe diſtances, 
For inſtance, if a perſon with his naked eye can 
read at the diſtance of three inches only, and it be 
required to find the radius of ſuch a glaſs as ſhall 
inable him to read at the uſual diſtance of eighteen 
inches; in this cafe, F being equal to three inches, 
and D to eighteen, their product is 34 which be- 
ing divided by their difference, which is 15, gives 
three and 4 in the quotient, which ſhews, that 
the "08 of the glaſs mult be three inches and ths 
nearly, . | 
Where the diſtance at which it is required the 
purblind perſon ſhall fee diſtinctly is infinite, or in 
other words, where it is ſo great, as that the diſtance 
to which the power of his naked eye reaches, bears no 
ſenſible proportion to it, there DF becomes equal 
to D, and of courſe, R becomes equal to F; 10 
that in order to ſee ſuch objects as are very remote, \ (vt. 
- & purblind 1 


g 
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L x c r. purblind perſons muſt make uſe of concave glaſſes 
XXII. whoſe rake are equal to the diſtances at which they 
Wy vv lee diſtinctly with their unarmed eyes. 

| As 3 perſons cannot ſee remote object 
diſtinctly, ſo on the other hand, thoſe who are od 

cannot, generally ſpeaking, ſee ſuch as are nigh; 
the reaſon of which is, that in old men the corn 
for want of a due ſupply of humour to plump out 
the eye, has not a degree of convexity ſufficient ty 
bring the rays together on the retina, when the 
fall upon the eye with a conſiderable degree of di. 
vergence ; as is the caſe of all thoſe rays which flow 
from points ſituated near the eye. The proper re- 
medy for this defect is a convex lens, becauſe it leſ. 
ſens the divergency of the rays, and brings them 
| Pl. 10. nearer to a parelleliſm. If with reſpect to the 
i Fig. 3. convex lens CD, A be the focus of the rays which 
diverge from B; that is to ſay, if the rays which 
flow from B and paſs through the lens, do afterwards 
proceed in ſuch a manner as if they had diverged If F by 
from A, and if the diſtance at which an old man Wcan ſee no 
can ſee directly with his naked eye, be equal to WF—D is « 

the diſtance of A from the glaſs, he will be able, by WD; fo 

the aſſiſtance of the glaſs, to fee the nearer point ; ¶ Ciſtinctly 
diſtinctly ; becauſe the rays which iſſue from that ¶ diſtinctiy 

point in paſſing through the glaſs, acquire the ſame ¶ unce uſe 

degree of divergence, with thoſe which flow from A, Wequal to 

the point of diſtinct viſion, and of conſequence, 

may as caſily be brought together on the retina, by If D- 

the refractive power of the eye; hence, if we take ¶ and fora 

the Theorem laid down in my laſt lecture, for find- Wl creafes a: 

ing the foci of double convexes of equal convex1tics, that whe 

and fit it to the caſe before us, where the focus is unarmec 


imaginary, by making F = 2 5 if then ve 695 
ſuppoſe F to denote the diſtance at which an old eye be furn 
ſees diſtinctly, and D the nearer diſtance at which it the othe 
is required to make it ſee diſtinctly with the pag Jounge! 
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„ie of a glaſs, by clearing R, we ſhall. find it LE Or. 


S 7 


8 . 8 


cv 


. WW MT 


qual to gh: So that the radius of fuch a double 


znvex of equal convexities as inables an old man 
o ſee a nigh object diſtinctly, mult be equal to a 


tangle under the diſtance at which he ſees diſ- 
tinctly with his naked eye, and the diſtance at 


rhich he is to ſee by the help of the glaſs, divided 


by the difference of thoſe diſtances. To illuſtrate 
this by an example; ſuppoſe an old man cannot 
with his naked eye read at a leſs diſtance than of 


four feet, and it is required to aſſign the radius of 
ſpectacles which ſhall inable him to read at a diſ- 
tance of a foot and an half; in this cafe, F is four 


feet, and D is one and an half, and their product 


b ſix, which when divided by their difference, to 
wit, two and an half, gives 2; in the quotient z 
which ſhews, that the ſpectacles muſt be ground to 
a radius of two feet and four tenths. 


If F be infinite, which is the caſe where the eye 


can ſee nothing but what is extremely remote, then 
F—D is equal to F, and of conſequence, R is equal 
to D; ſo that where an old man can ſee no objects 
diſtinctly but ſuch as are very far off, in order to fee 
diſtinctly at nearer diſtances, he muſt for each diſ- 
tance uſe ſuch ſpectacle glaſſes as have their radii 
equal to the diſtance. 


It D be given, then R becomes equal to 1 ; 


and foraſmuch as the proportion of F to F—1 in- 
creaſes as F leſſens, R muit do ſo too, which ſhews, 
that where the diſtances at which two old eyes when 
unarmed can ſee diſtinctly are different, in order to 
make them ſee diſtinctly at any leſſer given diſtance, 
the eye which can ſee at the ſmaller diſtance, muſt 
be furniſhed with a glaſs of a greater radius than 
the other. And herein lies the whole ſecret of 
Jounger and older ſpectacles, thoſe being deemed 

4 Ro the 


XII. 


—ͤ — 
— — 1 


A 


. 
1 5 
Ti 
j 
l 
: 
+ 
| 
"4 
q 
i 
/ 
1 
1 


_ 2 CRE = had ” —_ * 
1 — , Üꝙ5iMß½¶ ¶¶¶¶¶ĩ¶ — ns. 
- 3 ug” — as — * * 
— * _—— * — * 
a * 5 a . 
* 


330 


— — 


Pl. 10. 
Fig. 4. 


Or VISION. 


Lr c t. the youngeſt, which are ground to the largef 
XXII. radius. 


Having ſhewn you of what uſe both convex and 
concave glaſſes are in aſſiſting defective eyes, I {hal 
now lay before you the alterations which they pro 
duce in the appearances of objects ; and firſt, x 
to convexes; it an object be viewed through a com; 
lens, at a leſs diſtance than the focus, it appears more 
remote and bigger than it does to the naked eye, 
That it muſt appear more remote, will be evident, 
if we conſider what has been already proved in 4 
former lecture, namely, that where rays fall upon: 
convex lens, from a point leſs diſtant than the fac, 
after they have paſſed the glaſs, they proceed in ſuch 
a manner as if they had iſſued from a more diſtant 
point; and ſince this is the caſe of the rays which 
flow from each point in the object, the object mult 
of conſequence ſeem to be more diſtant than it is; 
and it muſt likewiſe appear greater; for if AB be 
an object expoſed to a naked eye at O, it's cxtreme 
points A and B will be perceived by the eye by 
means of the rays AO and BO, which flow direct 
from thoſe points to the eye, but if a convex lens 4 
C, be interpoſed, the eye will no longer perccive 
the extremities by means of the rays AO and BO, 
becauſe as they are refracted by the %%, they ate 
made to concur before they can reach the eye; the 
eye therefore mult now perceive thoſe points by 
means of tome other rays as AE and BD, which 
falling upon the glaſs at a greater diſtance from each 
other, are by the refractive power of the glals 
thrown into the directions EO and DO, and made 


to coneur at O; ſo that continuing thoſe lines di- 


rely backward as far as the object, to wit to I and 


II, the cye at O will perceive the extreme points 


of the object as ſituated at I and ; that is, it will 
perceive the object magnified. And if the eye be 


farther removed trom the glaſs ſuppoſe to P, the ob- 
zect will appear ſtill greater, it's extremities in that 
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« caſe appearing at L and K in the lines PG and PF LE cr. 
produced. And on the other hand, if the eye con- XXII. 

dung in it's place, the object be farther removed 
om the Jens, it will appear larger; for whereas at Fl. 10. 

» the nearer diſtance the eye perceives the extreme 
ots of the object by means of the rays AE and 

o, which fall upon the lens at E and D, and are 

re Withence refracted to O; when the object is at the 

« Wercater diſtance, it's extremities cannot be ſeen by 

, Wineans of the rays incident on the glaſs at E and D; 

er ſince the interval between the extremities con- 

|; Witinues the ſame, the rays which flow from them and 

el upon the lens at E and D, will diverge leſs at a 

-þ Wicreater diſtance of the object than at a ſmaller ; 

nr onſequently, they will concur before they reach 

Ae eye; and therefore in this caſe the extreme 

i Whpoints of the object muſt be conveyed to the eye by 

me rays as aG and bF, which diverging more 

de than the former, fall without them at G and F, 

ne hence they are refracted to the eye at O, in the 

„ies G O and FO, which being continued back- 
ly Ward as far as the nearer diſtance of the object, to 

13 Wit to Land K, ſhew that the object which at the 
ve Wcarer diſtance appeared to extend itſelf only from 
O, WW! to H, does at the greater diſtance ſeem to reach 
re om L to K, and of conſequence, appears more 
he magnified. 
by WI the object be removed beyond the focus, it bl 
ch Wil appear ſtill-greater ; but whereas before it paſſes Ma 
ch e focus it appears diſtinct, as alſo more and more 
as Weiftant the farther it is removed from the glaſs, 
de Wien it gets beyond the focus it appears confuſed, 
d- ed the farther it is removed from the glaſs, the 
nd Wore confuſed it appears, and the nearer it ſeems 
1's approach the eye, provided it's diſtance from the 
as be not ſo great as to make it project it's image 
be between the eye and the glats. | 1 
b- This ſeeming approach of the object at a time =”. 
at Ven it really recedes, and in a caſe, where, accord- 1 
3 ing 
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Wo (cauſe the convergency wherewith they fall upon the LE e r · 
eye is by ſo much the greater, by how much the XXII. 
Learer the eye is placed to the focus or the point D ; —w— 
conſequently, the object as it is more and more re- 

moved from the glaſs, will appear more and more 

WM confuſed ; for which reaſon, the mind which has 

been uſed to connect nearer diſtances with greater 

FR degrees of confuſion, will in this caſe, judge the ob- 
ect to approach, though in reality it recedes; and 
„bat fully confirms this 1s, that if by placing a 

+ WM concave glaſs at a proper diſtance between the eye 

end the convex, the convergency of the rays be taken 

CJ off, and the appearance thereby rendered diſtinct, 

de object will then appear at it's due diſtance. 

f an eye be removed from a convex lens beyond 

che place where the image is projected, that is, if 

be eye be farther from the lens than is the point Pl. 10. 
, the object will appear in an inverted poſition, Fig. 6. 
; ud ſeem to be ſituated between the eye and the 

u lass; for in this caſe, the eye ſees only the 
mage or repreſentation of the object, which, as [ 

tte bewed in a former lecture, is projected at D in an 
werted poſition; upon looking at the image with 

ce both eyes, it appears double, and upon ſhutting ei- 
ber eye, the image on the contrary ſide diſappears ; in 
ni de reaſon of which is this, the eye at © perceives | 
ehe image by means of the rays ODC, and there- 

ups fore ſees it on the ſame ſide with C, whereas the 

<< at P perceives it by means of the rays PDB, 

wild on that account ſees it on the ſame ſide with B; | 
os the head is moved farther back, the diſtance be- 

tie ween the two images muſt decreaſe, and at length 

ed Vaniſh ; for ſince the interval between the eyes con- 

Gus unvaried, the rays which exhibit the image 

inge each eye, will diverge leſs and leſs as the head is 

pony ore and more removed from D, as is evident 


e700 the bare inſpection of the ſcheme ; conſe- | 
be bently, che diſtance between the two images muſt Wee 
aule L 4 continually Whit! 
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continually decreaſe, and at laſt become fo ſmal 
as to be inſenſible. 

As to concave glaſſes, ſince it is their property 
to make the rays which flow from any point 
to diverge, in ſuch a manner as if they had iſſued 
from a point leſs diſtant, it is evident, that an object 
ſeen through a concave lens muſt appear nearer than 
it really is, and it muſt likewiſe appear diminiſhed; 

Pl. 16. for the extreme points of the object AB, are ſeen 
Fig 7.“ by the naked eye by means of the rays AO and 
BO, which when the concave lens CD is interpoſed, 

are made to diverge, ſo as not to meet at O, conſe- 
quently, upon the interpoſition of the glaſs, the eye 

will not perceive the extremities of the object by 

thoſe rays, but by ſome others as AK and BL, 

which falling within the former, are by the refrac. 

tive power of the glaſs, made to proceed in the 

lines KO and LO, ſo as to meet at O; wherefore 

0 continuing OK and OL backward to the object, 
the extremities of the object will be ſeen at E and 

F, that is, the object will appear to be leſs than it 

really is; and by the ſpreading of the rays in their 
paſſage through the glaſs, ſome of them are madeto 

eſcape the eye, which if the glaſs were remover, 

would fall upon the pupil; for which reaſon, the 

object muſt, appear leis luminous; ſo that the pro 

erty of concave glaſſes is to make objects appear 
{maller, nearer, and more faint and obſcure, tha 


they do to the naked eye, 


LB CT: UP: XXII, 
Or CATOPTRICKS. 


Lz er. IN this lecture, wherewith I ſhallcloſe this courſe, 
XXIII. I ſhall explain to you the Doctrine of CA rot. 
— 1 TRICKS, or that part of Opzicks which treats of the 
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Or CATOPTRTEEK S. 
reflexion of light; in doing of which, T ſhall firſt LE cr. 
y ſomething concerning the cauſe of that reflexi- XXIII. 
n; ſecondly, I ſhall lay down two principles, 
vhich are the chief foundation of Catoptricts; and 
iſtly, I ſhall lay before you the moſt remarkable 
properties of plain and ſpherical mirrors. 

ks to the firſt, before Sir IsA AC NRwrox pub- 
liſhed thoſe wonderful and ſurpriſing diſcoveries 
which he made, concerning the nature and proper- 
ties of light, it was an opinion generally received 
by the writers of Opticks, that the rays of light 
were reflected in the manner of other bodies, by 
ſtriking on the ſolid and impervious parts of bodies; 
but that great Philoſopher has fully proved this opi- 

ion to be erroneous; and has ſhewn, that the par- 
ticles of light are turned back before they touch the 
reflefting body, by ſome power of the body which 
3s equally diffuſed all over it's ſurface ; what he has 
delivered concerning this matter, is to be met with 
in the eighth Propoſition of the ſecond Book of his 
Opticks, wherein, after he has offered ſeveral reaſons 
to prove, that light is not reflected by ſtriking a- 
gainſt bodies, he at laſt expreſſes himſelf in the fol- | 
lowing manner; Were the rays of light reflected 
by impunging on the ſolid parts of bodies, their re- 70 
* flexions from poliſhed bodies could not be ſo re- 4 
* gularas they are; for in poliſhing glaſs with ſand, 
* Putty, or tripoly, it is not to be 1magined, that 
* thoſe ſubſtances can, by grating and fretting the 
* glaſs, bring all it's leaſt particles to an accurate 
* poliſh, ſo that all their ſurfaces ſhall be truly plain, 
or truly ſpherical, and look all the ſame way, ſo 
as together to compoſe one even ſurface. The 
* ſmaller the particles of thoſe ſubſtances are, the 
* ſmaller will be the ſcratches by which they con- 
* tinually fret and wear away the glaſs until it be 
' Poliſhed, but be they never 10 ſmall, they can wear 
away the glaſs no otherwiſe than by grating and 

ns « ſcratching 


ſe, 
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Lx c T, © ſcratching it, and breaking the protuberancy, 
XXIII. “ and therefore poliſh.it no otherwiſe than by bring 
ing it's roughneſs to a very fine grain; ſo that th 
s ſcratches and frettings of the ſur face become tg; 
4 ſmall to be viſible. And therefore, if light ven 
reflected by impinging on the folid parts of th 
& glaſs, it would be f-attered as much by the mt 
< poliſhed glaſs, as by the rougheſt. So then it r. 
« mains a Problem, how glaſs poliſhed by fretting 
< ſubſtances can reflect light ſo regularly as it docs; 
and this Problem is ſcarce otherwiſe to be ſolved, 
than by ſaying, that the reflexion of a ray is effect 
<< ed, not by a ſingle point of the reflefting body, 
but by ſome power of the body, which is evenly 
« diffuſed all over it's ſurface, and by which it ach 
upon the ray without immediate contact.“ 

Now taking it for granted, that this repelling 
power 1s the true cauſe of reflexion, if it be ſup 
poſed to act upon the rays of light in lines perpen- 
dicular to the ſurface of the reflecting body; it 
will thence follow, that the angle of incidence, or 
the angle contained between the incident ray, anda 
line drawn FPR to the reflecting ſurface at 
the point of incidence, is equal to the angle of . 
flexion, or the angle contained between the {ame 
perpendicular and the reflected ray. For if we lup- 
poſe a ray of light to move in the direction AC, 
towards the reflecting ſurface BCD; and if we ſup- 
poſe that motion to be reſolved into two, one in the 
direction AE, parallel to BD, and the other in the 
direction AB, perpendicular to BD, it is manitelt, 
that of thoſe two motions, the latter only is oppol- 
ed to the repelling force ;. and of conſequence, the 
ray after B10: will go on in the parallel direc- 
tion, with the ſame velocity it did of A and for- 


aſmuch as the repelling force which oppoſes the per- 
pendicular motion, acts inceſſantly, it no ſooner de- 


ſtroys the motion of the ray towards the body, but 
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t gives it an equal degree of motion the contrary 
ay ; that is, it throws it back with the ſame per- 
ndicular velocity wherewith it approached. If 


therefore EG be taken equa] to AE, and from G 
vere de let fall GD equal and parallel to AB, EG will 
the expreſs the parallel motion of the ray after reflexi- 
nol Won, and DG it's perpendicular motion; and the 
diagonal line CG, will be actually deſcribed by the 
ing Wray, by vertue of it's compound motion; and from 
es; che nature of ſimilar triangles, the angle of inci- 
ec, dence ACE, muſt be equal to ECG, the angle of 
ect. refexion; and this is the firſt of thoſe principles 


Cy, WP whereon the doctrine of Catoprricks is founded. The 


ly Wi ſecond is, that every radiant point when ſeen by 


ch refcxion, appears in that place where the reflected 
ray meets the perpendicular, drawn from the radiant 
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ins WF point to the reflecting ſurface ; for inſtance, if from pl. 13. 
Þ- UF a radiant point as R, placed before the plane ſpecu- Fig. 8. 


cn. am AB, be let fall the line REM, perpendicular 
do the plane of the ſpeculum; and if RC and CD 
be ſo drawn, as that the former may denote the inci- 
da Gent ray, and the latter the reflected ; and if DC be 
art continued on, till it meets the perpendicular REM; 
cn eye at D will perceive the radiant point, as 
e placed at M, the point of interſection of the reflect- 
P. cd ray, and the perpendicular; and thus it is in all 
Gass of reflexion, except two, wherein this prin- 
PW ciple ſeems to fail; one whereof relates to plain 
nc Wl olafs ſpeculums, and the other to concave ſpherical 
ne mirrors; the latter has been obſerved by Taquzr, 
h WW Do&or BAR ROw, and others; but the former has 
dot been mentioned by any one of the optick writers 
„e that I know of; I ſhall take notice of each in it's 


© WF proper place, and proceed now to conſider the chief 
properties of mirrors, and firſt, of ſuch as are 
r | | 

Plain, 


When an object is ſeen by reflection from a plain 
ſpeeulum, it's image appears as far behind the /pecu- 
lum, as the object 1s before; for the proof ot hays 

cr 
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L x cT. let R be an object placed before the plain ſpeculum 
XXIII. | 
TC, by an eye ſituated ſomewhere in the line Ch, 


AB; and let it be ſeen by reflexion from the point 


then producing CD, till it meets the perpendicular 
REM, the image will, by the ſecond principle, 
appear at M ; now the angles of incidence and re- 
flexion being equal, their complements are ſo too, 
that is to ſay, the angle RCE is equal to DCB or 
MCE; ſo that in the two right-angled triangles, the 
angles at C being equal, and the fide EC common 
to both, the triangles muſt be equal, and the ſide 
ME, that is, the diſtance of the image behind the 


ſpeculum, muſt be equal to RE, the diſtance of the 


object before the ſpeculum; and the ſame thing is in 
like manner demonſtrable, though the point of re- 
flexion be taken different from C; for the reflected 


ray will conſtantly meet the perpendicular in the 


int M; whence it follows, that however the fi 
tuation of the eye with reſpect to the mirror may 
be changed, yet if the object and mirror remain 
unmoved, the image will always appear in the ſame 
place; it likewiſe follows, that there cannot appear 
more than one image of one and the fame object, 
but then this is to be underſtood with reſpect to ſuch 
mirrors, as being opaque, have but one reflecting 
ſurface ; for in looking-glaſſes, which by reaſon ot 
their tranſparency, have a double reflexion in lome 
certain poſitions of the eye and object, ſeveral 
images may be ſeen, Thus if AB be a looking: 
glaſs, R the flame of a candle, placed at a ſmall 
diſtance before AH, the plane of the glaſs produced, 
an eye being placed at Q, ſhall ſee ſeveral images 
ſtanding at ſmall diſtances one beyond another, in 
the ſame poſition with the letters C, D, E, F, 


whereof the firſt and ſecond appear bright and lu- 


minous, and the reſt but faint and obſcure ; for the 
ſeveral images taken in their order from the ſecond, 
grow more and more dark and obſcure, till at length 


they bec 
and of « 
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and of conſequence vaniſh. 


and it's farther or filvered ſurface is DC, R the 
place of the candle, and, Q the place of the eye, 
RS a line drawn from the candle perpendicular to 
AO and DY the two ſurfaces of the glaſs produced; 
the angle REA being made equal to QEB, and 
the line QE being produced till it cuts the perpen- 
dicular RS in T, the eye ſhall ſee the firſt image at 
T, by means of the reflexion from the outward 
n WF furface AB, the ray RE being reflected to the eye 
„tom the point E. Let a ſecond ray as RG, paſs 
into the glaſs at G, and being refracted to the point 
1% WH of the farther ſurface, let it thence be reflected to 
.. and there paſſing out of the glaſs, let it by re- 
'Y WF fraction be carried to the eye; let then Q be pro- 
n Wi duced, and the eye ſhall ſee a ſecond image ſituated 
nen chat line, and that ata little diſtance beyond the 
| perpendicular RS; for if the rays ſuffered no re- 
fraction in paſſing in and out of the glaſs, the ſe- 
cond image would not be ſeen by means of the 
ry RG, but by means of the ray RH, which paſ- 
[ing directly from R to H, is thence reflected di- 
rectly to Q and being produced till it cuts the per- 
pendicular in X, would exhibit the ſecond image ar 
XJ; but foraſmuch as the place of the image is 
changed by the refra&tion, and brought nearer to the 
glaſs, if we ſuppoſe the line QM to be moved upward 
about the point Q, till it coincides with the line 
N, in which the ſecond image really appears, the 
point X muſt neceſſarily fall beyond the perpendi- 
wlar, and ſo of conſequence muſt the place of the 
mage. Let now a third ray as RF, pals into the 
[Blaſs at E, and be refracted to L, and from thence, 
kt it be reflected to E, and from E to M, and from 
M to N, where let it go out, and be refracted to 
the 


they become too weak and feeble to affect the ſight, L. 8 ar. 
* | XXIII. 
In order to account for this multiplicity of Tow 
images, let ABCD be a looking-glaſs, whoſe near- Pl. 10. 
et ſurface, or that which lies next the eye is AB, Fig. it. 
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Le r. the eye at Q; then producing QN to W, a third 
XXIII. image will appear in that line ſomewhere beyond 
[ the perpendicular; for were there no refraction, the 
ray which after three reflexions exhibits the third 
image, would, when produced, cut the perpend:. 
cular in the point S ; and therefore, ſince the line 
QS is raiſed up by the refraction, and made to co- 
incide with the line QW, the point 8, that is, the 
place of the third image, muſt fall beyond the 
rpendicular. ay 
As a third image is ſeen by means of three re. 
flexions, ſo is a fourth, by five reflexions, a fifth 
by ſeven, a ſixth by nine, and ſo on, according to 
the progreſs of the odd numbers, every ſucceeding 
image being ſeen by two reflexions more than the 
preceding; and this is the true reaſon, why ſetting 
aſide the firſt and ſecond, which being ſeen each by 
one ſingle reflexion, appear almoſt equally bright, 
every ſucceeding image appears more dim and faint 
than the foregoing, the rays of light being rendered 
more weak and feeble by reflexion. 
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„ e 
| 4D—X= 1 | 411 


lf two plane ſpeculums as AB and CD, be ſet pa- 
el to one another, and an object be placed any 
ere between them as at E, the rays of light 
mich iſſue from the object and fall upon each ſpecu- 
Wm, will be reflected backward and forward from 
ne to the other a great number of times; by which 
Mans, there will appear in each ſpeculum, a great 
umber of images ſituated one behind another, in 
ght line perpendicular to the ſpeculums, and paſ- 
ag through the object at E; in order to ä 
the 
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Lx cr. the diſtances of the ſeveral images from the |, 
XXIII. lms, let EY, the diſtance of the object from the 
YI ſpeculum AB, be denoted by X, and let Zy, th 
interval of the glaſſes be denoted by D; and let u 
firſt conſider the reflexion which begins from th4 
ſpeculum AB; if YF be taken equal to X, then f 
will be the place of the firſt image; and foraſmuc 


as the image at F may be looked upon as an objett 
placed before the ſpeculum CD, if ZM be take 


equal to FZ, that is, to DX, there will appeat 


an image at M; which being conſidered as an o 
ject with reſpect to the other /peculum AB, an; 

H being taken equal to MY, or 2D+X, another 
image will be ſeen at H; and for the ſame reafor 
if ZO be taken equal to HZ, or 3D+X, then 
will another image appear at O, and fo on; again 
if we conſider the reflexion which begins from thi 
ſpeculum CD, by taking ZL equal to EZ, or D- 
we ſhall have L for the place of an image in thi 
ſpeculum CD; and by making YG equal to LY 
or 2D—X, we ſhall have the place of anothet 
image in the ſpeculum AB; and again, by takin 
ZN equal to GZ, or 3D—X, we ſhall have th 
place of another image in the ſpeculum CD, and { 
on. From this manner of determining the place 
of ſeveral images, it is evident, that it D, whic 
ſtands for the diſtance of the glaſſes, be multiplie 
into each of the even numbers taken in their order 
and if X, which denotes the diſtance of the objec 
from AB, be ſubducted from each product, ane 
likewiſe added to each, the differences, and thi 
ſums taken in their order, will expreſs the diſtance 
of the ſeveral images from the ſpeculum AB, th 
diſtance of the firſt being X; that is to ſay, ti 
diſtance of the ſecond image will be 2D —X, of tit 
third 2D+X, of the fourth 4D—X, of the fil 
4D+R, and fo on, according to the firſt Table. 
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LECT. 


TABLE 1. XXIII. 


Dances of the ſeveral images from the ſpeculum ww 
AB. 
X 


2D—X 
2D+X 
4D—X 
4D+X 
6D—X 
= DX 
=8D—X 
&c. 


If D be multiplied into each of the odd numbers 
taken in their order, and if X be deducted from 
each product, and likewiſe added to each as before, 
the differences and the ſums taken in their order, 
will expreſs the diſtances of the ſeveral images from 


the ſpeculum CD, as in the ſecond Table. 


TABLE II. 
The diſtances of the ſeveral images from the ſpeculum | 


ahn 


co Genres » 


D—X 

D+X 
3D—X 
3D+X 
5D—X 
SD NX 
7D—X 


7D+X 
&c. 


If by moving the object nearer to A B, X be- 
comes leſs, then all thoſe images whoſe diſtances 
ar expreſſed by thoſe ſymbols wherein X is af- ut" 
frmative, will come nearer to the /peculums, whilſt 119 
noſe whoſe diſtances are expreſſed by ſymbols 

1 wherein 


Ine e 


o O þ UI BD be 
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IL. x c T. wherein X is negative, move farther off; thus in 
XXIII. the ſpeculum AB, the firſt, third, fifth, ſeventh, 
and ſo on, will approach, and the ſecond, fourth, 


Exp. 2. 


approach alternately, beginning from the firſt, 


ſpeculums, and moves his palm towards one 0 
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ſixth, eighth, and ſo on, will recede ; ſo that the 
ſeveral images, beginning from the firſt, will ap 

roach and recede alternately ; and on the other 
hand, thoſe in the Hpeculum CD, will recede and 


hence, if a man puts his hand between the two 


them, a perſon looking into the other, ſhall fe 
ſeveral pairs of hands, palm to palm, approaching 
each other. 

If two plane ſpeculums as AC and BC, be in. 
clined to one another, ſo as to meet in an acute 
angle at C; and if an object be placed any where 
between them, ſuppoſe at F, an eye looking into 
either, ſhall ſee ſeveral images ſtanding in the ci 
cumference of a circle, whole center is at C the con. 
courſe of the /peculums, and it's radius equal to CF 
the diſtance of the object from the concourle ; for 
if from F be drawn FD perpendicular to the pet. 
lum CA, and KD be made equal to FK, D wil 
be the place of an image in the ſpeculum CA ; and 
if from D be drawn DE perpendicular to the /þ- 
culum CB, and produced till HE is equal to DH, 
E will be the place of an image in the ſpeculum CB, 
and thus by drawing perpendiculars continually from 
the place laſt found to the oppoſite ſperulum may the 
places of all the images be found which are ſeen by 
means of thoſe reflexions, the firſt whereof is made 
from the ſpeculum CA; and in the ſame mannes 
by drawing the perpendiculars FG, GL, and ſo on, 
may the places of all thoſe images be found which 
are ſeen by means of the reflexions whereof the fir 
is made from the ſpeculum CB. Now that tn 
Points D and E are in the circumference of the 
circle whoſe radius is CF, I thus prove, in the uh 
angles CFK and CDK, the ſides FK and oy 
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equal by the conſtruction, and CK is common to ILE Or. 


„dock, and the angles at K are right ones, where- XXIII. 
bre che two triangles are equal, and of conſequence . 
MF CD is equal to CF; again, the triangle CDH is 
WY equal-to the triangle CEH, the ſides DH and EH 


being by conſtruction equal, as are alſo the angles 
at H, wherefore CE 1s equal to CD, which is equal 
to CF, conſequently, a circle deſcribed on the cen- 
ter C, with the radius CF, will paſs through the points 
D and E; and by the ſame way of reaſoning it 
vill be found to paſs through G and L, and through 
| the extremities of all the other perpendiculars ; and 
therefore the ſeveral images muſt of neceſſity appear 
in the circumference of a circle whoſe center 1s at 
the concourſe of the ſpeculums, and whole radius is 
equal to the diſtance of the object from that con- 
courſe. From what has been fai it follows, that 
if the diſtance of the object from the concourſe of 
the ſpeculums be given, the images will ſtill appear 
in the circumference of the ſame circle, notwith- 
ſtanding any alteration that may be made 1n the 
angle whereat the ſpeculums meet; if that be in- | 


wil larged, the images will be fewer in number, and at 
and greater diſtances from one another; and on the my 
[ME other hand, if it be made leſs, the images will be 9 4 
HY more in number, and ſtand cloſer together, but the 13 


arcle in whoſe circumference they appear, will be 
the ſame in both caſes ; for that is not to be leſſen- 
ed or inlarged otherways, than by leſſening or in- 
larging the diſtance of the object from the con- 
courſe of the ſpeculums. 
nner Having laid before you the chief properties of 
» o Plain ſpeculums, I come now to conſider ſuch pecu- 
lums as are ſpherical ; and they are of two ſorts, 
fili concave and convex ; concerning which it muſt be 
WY Obſerved, that as all the rays which fall upon them 
Mom a radiating point, are reflected in {ach man- 
1c ry Per as to meet the perpendicular very nearly in one 
ad the fame point; in order to find out the focus, 
2 2 or 
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LE Cr. or the place where the reflected rays croſs one another 
XXIII. nothing more is neceſſary, but to determine the 
point wherein any one reflected ray meets the pet. 


Pl. 10. 


Fig. 13. 


the point of incidence, and of conſequence biſſect. 
angle at D is biſſected by the line DC, which cuts 
the oppoſite fide, A D is to DE, as AC to CE; 


ED is equal to EB, wherefore AB is to EB, as AC 


radius, D: F:: DR: R—F ; conſequently, 


ſpeculum, and conſequently, the diſtance of an image 
formed by reflexion from a concave ſpeculum, 1s 
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ndicular ; which may be done in the followin 
manner; let A be a radiating point, expoſed di. 
rectly before the concave glaſs FG, whoſe center is 
C, ABa perpendicular from the radiating point to 
the ſpeculum, which likewiſe denotes the diſtance of 
the radiating point from the ſpeculum, AD a ray 
falling on the fpeculum at D, whoſe diftance from 
B is indefinitely ſmall, DE the reflected ray meet. 
ing the perpendicular in E, CD a radius drawn to 


ing the angle ADE in the triangle ADE; ſince the 


but foraſmuch as the points D and B are ſuppoſed 
to be indefinitely near, AD is equal to AB, and 


is to CE; that is, the diſtance of the radiating 
point from the /peculum, is to the diſtance of the 
point E, where the reflected ray cuts the perpendi- 
cular, commonly called the point of interſection, as 
the diſtance of the radiating point, leſſened by the 
radius, is to the radius, leſſened by the diſtance of 
the point of interſection; that is, putting D for 
the diſtance of the radiating point F for the dif 
tance of the point of interſection and R for the 


reducing this analogy into an equation, and clear- 


ing F, F will be found equal to 
the diſtance of the 


_ ; that is 
2D-—R? 3 
point of interſection from the 


equal to a rectangle under the diſtance of the object 
from the ſpeculum, and the radius, divided by twice 
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Hence it follows, that if an object be placed before LE c T. 61 
2 concave ſpeculun, at an infinite diſtance, that is, XXIII. 
if the diſtance be ſo great as that the radius of the ww 
ſpeculum bears no ſenſible proportion to it, the image 
will appear on the ſame ſide of the ſpeculum with 
the object, at the diſtance of one half the radius from 
the ſpeculum ; for in this caſe, D being infinite, 
DAR becomes equal to 2D, and of conſequence, 
F is equal to R divided by 2 ; ſo that one half the 
radius is the leaſt diſtance at which an image can be 
projected from a concave ſpeculum on the ſame ſide 
with the object; and foraſmuch as the ſun's image, 
which, by reaſon of the immenſe diſtance of his 
body, is formed at the diſtance of half the radius 
from the ſpeculum, is there apt to burn, that place 
is uſually called the focus or burning point. 
As the object approaches the ſpeculum, the image 
recedes 3 for as in one and the ſame ſpeculum, the 
radius is a ſtanding quantity, it is manifeſt, that as 
D leſſens, the proportion of DR to 2D—R muſt 
increaſe, conſequently, F, or the diſtance of the 
mage from the /peculum muſt do ſo too; and when 
the object has approached ſo near the ſpeculum as to 
be at the center, the image will have receded ſo far | 
33 to be there likewiſe ; for in this caſe, D being 46 
equal to R, 2D—R is equal to R, and of conſe- | 
quence, F is equal to D; ſo that the object and it's 
image meet at the center of the ſpeculum; upon the 
objects paſſing from the center towards the glaſs, 
the image is projected beyond the center, and when 
the object has approached ſo near the ſpeculum, as 
t be diſtant from it but half the radius, the image | 
; at an infinite diſtance ; for in this caſe, D being Wa 
equal to half the radius, 2 D—R is nothing, conſe- 48 
quently, F, that is the diſtance of the image, is 
infinite; or to ſpeak more properly, the rays after 
flexion proceed parallel; for which reaſon, if the 
lame of a candle be placed directly before a con- 
2 3 | cave 
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Lc r. cave ſpeculum, at the diſtance of half the radiy, 
XXIII. the fpeculum will ſeem to be in flames, and the re. 
 GY'V flected light will be ſo intenſe, as that by the help of 
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it one may be able to read at a very conſiderable dif. 
tance from the ſpeculum. Faquer aſſerts, that he 
has read at the diſtance of no leſs than 400 feet; and 
to ſay the truth, the diſtance would be without l- 
mits, were it not for the atmoſphere, whoſe par. 
ticles continually intercept the rays, and by ſo do- 
ing, at length totally extinguiſh the light. It ſome- 
times happens, that when the flame of a candle is 
placed in the focus of a concave ſpeculum, it's image 
is projected on a diſtant wall, which ſeems to invz- 
lidate the truth of what I juſt now proved con- 
cerning the paralleliſm of the rays after reflexion, 
but this is occaſioned by the flame's being too large 
to be contained totally within the focus, for were it 
ſo ſmall as to lie wholly within the focus, it would 
not project an image, but the rays after reflexion, 
would form a cylindrical body of light, which 
when projected on a diſtant wall, would have acir- 
cular figure, of an equal circumference with the 
ſpeculum. . 

When the diftance of the object from the ſpect 
lum is leſs than half the radius, the image appears 
behind the ſpeculum ; for in this caſe, 2D—R is a 
negative quantity, and of conſequence, do is F, 
which ſhews, that the diſtance of the image which 
is denoted by F, muſt be taken on the other ſide 
of the ſpeculum, with reſpect to the object; as the 
object moves nearer to the ſpeculum before, ſo like- 
wiſe does the image behind; and when the object 
is ſo near as to touch the ſpeculum, the image does 
the ſame ; for in this caſe, D being nothing, F. 
that is, the diſtance of the image from the /pect- 
tum is likewiſe nothing. 

As to the poſition of the images which are ſeen 
by reflexion from a concave ſpeculum, thoſe which 
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appear on the ſame ſide of the ſpeculum with the LE c r. 
object muſt be inverted, and thoſe which appear, XXIII. 
behind the ſpeculum muſt be erect. For the proof ww 


of which, let AB be an object placed before the 
concave ſpeculum FG, at any diſtance beyond the 
center C, in which caſe the image will be ſeen be- 
tween the center and the ſpeculum, ſuppoſe at DE; 
fom A and B, the extreme points of the object, 
et the lines AH and BI be drawn perpendicular to 
the ſpeculum, and of- conſequence croſſing one ano- 
ther at the center; this being done, ſince the image 
j ſuppoſed to be at DE, and ſince every point of 
in image is ſeen in the perpendicular drawn from 
the correſponding point in the object, it is manifeſt, 
that D, the loweſt point of the image, will corre- 
ſpond to A, the higheſt point of the object, and E, 
be higheſt point of the image, will correſpond to 
B, the loweſt point of the object, that is, the 
image will appear inverted. And by the ſame 
way of reaſoning, if DE be the object, ſituated 
at ſuch a diſtance between the ſpeculum and the 
center, as to have it's image projected beyond 
the center at AB, the image muſt appear in- 
verted. On the other hand, when an object 
33 DE, is placed between the ſpeculum and the 
center, and conſequently, projects an image be- 
hind the ſpeculum ; for it muſt be obſerved, that 


tween the center and the ſpeculum, at a leſs diſtance 
from the center than half the radius, projects an 
image as AB beyond the center, does likewiſe 
project another image as HI, behind the ſpecu- 
lum; and as the former image is viſible to an eye 
placed beyond it, ſo the latter image is viſible to 
an eye placed between the object and the ſpeculum, 
and it muſt appear erect, inaſmuch as the perpendi- 
ular CH, which paſſes through D the higheſt point 
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the ſame object D E, which when ſituated be- 
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LE or. of the object, does likewiſe paſs through H, ge 
XXIII. higheſt point of the image. 
As to the magnitudes of an object and it's image, 


they are to one another in the ſame proportion with 
the ſquares of their diſtances from the ſpeculum; fe 
if theline LCM be drawn through the center C, per. 
yo col to BA, DE, and HI, and conſequently, 


iſſecting the angle at C, if BA be the length org 


breadth of an object, and DE the length or breadth 
of it's image projected on this ſide the ſpeculum, then 
LA and OD will be half the length or breadth of 
the object and it's image, and the triangle CLA 
being ſimilar to COD, LA is to OD, and conſe 
quently BA to ED, as LC to OC, that is, the 
length or breadth of the object, is to the length or 
breadth of it's image, as the diſtance of the object 
from the center of the ſpeculum, to the diſtance of 
it's image from the ſame center; but it has been 


proved, that as AC, the diſtance of the object 


from the center, is to EC, the diſtance of the image 
from the center, ſo is AB, the diſtance of the ob- 


ject from the ſpeculum, to EB, the diſtance of the 


image from the ſpeculum; conſequently, the length 
or breadth of an object, is to the length or breadth 
of it's image, as the diſtance of the object from the 


ſpeculum, to the diſtance of the image from the 


ſpeculum; and foraſmuch as ſimilar ſurfaces are to 
one another, as the ſquares of their homologous 
ſides, the magnitude of the object, is to the mag. 
nitude of the image, as the ſquare of the object“ 
diſtance from the ſpeculum, to the ſquare of the 
image's diſtance. - And by the ſame 'method of ar- 


* guing, if DE be an object, whoſe image behind 


the ſpeculum is HI, the magnitude of the former, 


will be found to be to the magnitude of the latter, as 


the ſquare of KO, to the ſquare of KM. Hence 
it follows, that the object during it's continuance be- 
yond the center, muſt appear larger than it's image, 
; | a 
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a being more diſtant from the ſpeculum, and when I. E c r. 
it is in the center, where it meets the image, it XXIII. 
muſt appear equal to it, but being on the ſame ſide .,? 


of the center with the ſpeculum, it muſt be leſs than 
it's image, which in that caſe lies beyond the center, 
and conſequently, 1s at a greater diſtance from the 
heculum. 

It likewiſe follows, that the image which appears 
behind the ſpeculum is ever larger than the object; 


for ſince MK, the diſtance of the image behind the Pl. 10. 
ſeculum, is to OK, the diſtance of the object be- Fig. 14. 


fore the ſpeculum, as MC, the diſtance of the image 
from the center, to OC, the diſtance of the ob- 
ect from the center; and ſince in this caſe, the ob- 
ect is always leſs diſtant from the center than it's 
image, during the appearance of the image behind 
the ſpeculum, it is evident, that the image muſt ap- 
pear larger than the object; but then this is to be 
underſtood with reſpect to ſuch images only, as are 
projected by objects leſs diſtant than the center; for 
if an object be beyond the center, an eye being cloſe 
to the ſpeculum, ſhall ſee the image at the ſame diſ- 
tance, and of an equal magnitude with the object; 
and in this caſe, the ſeveral parts of the image do 
not appear in thoſe points where the perpendiculars 
from the correſponding points of the object meet 


with the reflected rays ; the reaſon of all which 


ſeems to be this, the portion of the ſpeculum which 
the eye makes uſe of in this caſe, 1s ſo exceedingly 
ſmall, that notwithſtanding the ſpherical figure of 
the ſpeculum, it may be looked upon as plane, and 


conſequently, the appearances muſt be the ſame as 


in other plain ſpeculums ; that is, the image muſt 
appear as far behind the ſpeculum as the object is 


before it, and of the ſame magnitude with the 


object. 
If an image formed on this ſide a concave ſpecu- 
lum be looked at with both eyes, it will appear 


double, provided the diſtance of the eyes from the 
| image 
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LI e T. image be but ſmall, and upon ſhutting either eye, 
XXIII. the contrary image will diſappear ; for ſince the re. 
flected rays which form the ſeveral points of an 


Pl. 10. 
Fig. 15. 


image meet and croſs one another at the image, 
thoſe which enter the right eye, muſt be reflected 
from the left ſide of the fpeculum, and thoſe which 
fall upon the left eye, muſt be reflected from the 
right fide of the ſpeculum, and of conſequence, one 
and the ſame point of the image muſt appear to the 
right eye, as ſituated before the left ſide of the fpe- 
culum, and to the left eye, as ſituated before the 
right ſide of the ſpeculum; that is, it muſt appear 
double, and the right or left image muſt vaniſh 
upon cloſing the contrary eye. Thus, if the point 
C of the image AB, be looked at with both eyes, 
one whereof is at O, and the other at * eye 
at O ſhall ſee it by means of the rays ON, which 
are reflected from N, and of conſequence, ſhall ſee 
it as placed before N, but the eye at Q ſeeing it by 
means of the rays QM, which proceed from M, 
ſhall ſee it as ſituated before M, for which reaſon, 
the point C will appear double ; and what has been 
thus ſhewn with reſpect to the point C, may in the 
ſame manner be ſhewn with regard to all the other 
points in the image, and therefore the whole image 
mult appear double, as the eyes are more and more 
removed from the images, they approach nearer 
together, and at length coincide ; the reaſon of 
which is plain, from the bare inſpection of the f- 
gure; for ſince the interval of No eyes continues 
the ſame, it is evident, that when they are farther 
removed from the image, the rays whereby they {ce 
the point C muſt be reflected from parts of the 


ſpeculum leis diſtant from one another than M and 


N, and the diftance of the parts of the ſpeculum 
which reflect the rays to each eye, muſt con- 
tinually leſſen as the eyes are more and more te- 


moved from the image, and at certain diſtances > 
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the eyes, muſt become ſo ſmall as not to be ſen- L. ꝝ Sr. 
fble. And thus much concerning fuch ſpherical XXIII. 

lums as are concave ; as to convex ſpeculums, wp 

n order to determine the places of images form- 
ed by reflexion from them, let A be a radiat- Pl. 10. 
ng point, expoſed directly before the convex Fig. 16. 
feculum II K, whoſe center is C, AB a perpen- 
dicular from the radiating point to the ſpeculum, 
which Iikewiſe denotes the diſtance of the radiating 
point from the /peculum, AD a ray falling on the 
ſreculum at D, whoſe diſtance from ; is indefinitely 
mall, DE the reflected ray meeting the perpendi- 
cular in E, CD a radius drawn to the point of in- 
cidence, and of conſequence biſſecting the angle 
FDE ; let the angle FCD be made equal to ECD, 
and let CF be continued till it meets AD produced; 
this being done, it is evident, that the angle at C 
in the triangle ACF, is biſſected by the line CD, 
which cuts the oppoſite ſide, conſequently, AC is to 
FC, as AD to DF; but foraſmuch as D and B are 
ſuppoſed to be indefinitely near, AD is equal to 
AB, and DE to BE ; and becauſe the triangles 
CFD and CED are equal, DF is equal to DE, 
and FC 1s equal to CE ; wherefore, AB is to BE, 
2 AC to CE; that is, the diſtance of the radiating 
point from the ſpeculum, is to the diſtance of the 
point E where the reflected ray cuts the perpendi- 
cular, which is called the point of Inter ſection, as the 
ſum of the diſtance of the radiating point and the 
radius, to the radius leſſened by the diſtance of the 
| point of interſection ; that is, putting D for the 
diſtance of the radiating point, F for the diſtance 
of the point of interſection, and R for the radius as 
before, D: F:: DR: R—F ; conſequently, 
reducing this analogy into an equation, and clearing 


F, F will be found equal to RO z that is, the 


Gitance of the point of interſection behind the 
ſpeculum, 
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L x c T. ſpeculum, and conſequently the diſtance of an im 
XXIII. behind the ſpeculum, is equal to a rectangle under 
[ the diſtance of the object from the ſpeculum and 


the radius, divided by the ſum of twice the diſtance 
of the object added to the radius. Hence it follows, 
that if an object be placed ſo near a convex ſpeculum 
as to touch it, it's image will do ſo too; for in this 
caſe, D being nothing, F is likewiſe nothing; as 
the object recedes from the ſpeculum, the image goes 
off behind; and when the object is removed to an 
infinite diſtance, the image appears behind in the 
mid way between the ſpeculum and it's center; for in 
this caſe, D being infinite, 2D+R becomes 20, 


and of conſequence, F is equal to 5 ſo that ob- 


jects ſeen by reflexion from convex ſpherical ſpecu- 
lums, appear conſtantly behind the ſpeculum, within 
the limits of half the radius; and foraſmuch as the 
images conſtantly appear on the ſame fide of the 
center with the objects, they muſt be leſs than the 
objects; for if we ſuppoſe HI to be an object placed 
before the convex ſpeculum FG, and projecting it's 
image at DE, it is manifeſt, that the image ſub- 
tends the ſame angle at a ſmaller diſtance, than the 
object does at a larger diſtance, and conſequently, 
muſt be leſs ; and the diproportion between the 
object and it's image, hall increaſe as the object 
recedes, and decreaſe, as it approaches, becaule, as 
the object recedes from the center, the image ap- 
proaches, and as that approaches, the image re- 
cedes ; but as the image can never be more diſtant 
from the center than the object, it can in no caſe 
appear larger. The proportions which the magnt- 
tudes of the object and it's image bear one to ano- 
ther, is the ſame with the ſquares of their diſtances 
from the ſpeculum, as in the caſe of concave /pect- 
lums ; the proof of which being exactly the ſame 
with that made uſe of in the caſe of concaves, | 
ſhall not here repeat it. 1 
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As to the poſition of ſuch images as are ſeen by LR c T. 
reflexion from convex ſpherical ſpeculums, they muſt XXIII. 
always appear erect; for as they ever appear o- 
the ſame {ide of the center with the objects, the 

endiculars which are drawn from the upper- 
molt parts of the objects, muſt paſs through the up- 

rmoſt parts of the images; and thoſe from the 

wer parts of the objects, muſt likewiſe paſs through 
the lower parts of the images; thus, the perpendi- Pl. 10. 
cular HC, which comes from H, the higheſt point Fig. 14. 
in the object, paſſes through D, the higheſt point 
of the image, and IC, which comes from I, the 
loweſt point of the object, paſſes through E, the 
loweſt point of the image; and ſo it is with re- 
card to the perpendiculars which come from the 
intermediate points; ſo that the ſeveral parts of 
the image have the ſame ſituation with the corre- 
1 parts of the object, and of conſequence 

e image appears erect. 
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PROBLEM Il. 


IF two bodies be either entirely void of elaſticity ff 

perfectly elaſtick, and one ſtrite the other dire 
if A and B denote the quantities of matter or weigh 
of the two bodies, a and b their velocities before i 
. and if A be the fwifter body when the bod 
move the ſame way, the body which has the great 
motion when they move contrary ways, and the movin 
body when one of them is at reſt before the ſtroke ; to of 
termine the ratio of the bodies when their velocitl 
before the ſtroke are given, or the ratio of their vel 
ties before the ſtroke when the bodies are given; that ij 


3 : I 
$0 determine 5 when a and b are given, or whe 2 


A and B are given; ſo as that the motion of A befi 4 
the ſtroke, ſhall be to it's motion after the ſtroke, ® 
the given ratio of m to 1. 


To give a ſolution of this Problem, it is necella 
to know the motions of A before and after the ſtrok 
both when the bodies are entirely void of elaſticit 
and when they are perfectly elaſtick ; and likew 
to know the motion of A after the ſtroke, W 
the bodies move the ſame way, when they mou 
contrary ways, and when B is at reſt before tf 
ſtroke, The motion of A before the ſtroke, 1s 
in all caſes. And from what has been delivered ff 
our Author, when the bodies are entirely void 


elaſticity, the motion of A after the oy 


dies at 


the ſtr 


the far 


2ABb 


| Caſes, 


claſtici 
which 


WI 


Cas 


we have 


Cas 
Aa will 


then wil 


Non- elaſtick and Elaſtick Bodies. 


. hen before the roke the bodies move 


AB 
AAa—ABb 6 a 
the ſame way, —F * they move diffe- 


rent ways before the ſtroke, and = when be- 


fore the ſtroke B is quieſcent. And when the bo- 
dies are perfectly elaſtick, the motions of A after 
the ſtroke, when before the ſtroke the bodies move 
the ſame way, contrary ways, and B is quieſcent, are 
2ABb-AAa—ABa AAa—ABa—2ABb 
Me "IIs > and 
B . Hence, this Problem contains ſix 
| Caſes, three when the bodies are entirely void of 
gaſticity, and three when they are perfectly elaſtick, 
| which Cafes are thus ſolved. 


When the bodies are entirely void of elaſticity, 


CASE I. If the bodies move the ſame way, 


| ka will be to — = „ as m to 1; whence 
A a—mb a mB 


| we have 1 —, and A 


Cas E II. If the bodies move contrary ways, 


b AAa—ABb 
| Aa will be to ITE „ as mto1; whence we 


A mba a mB 
WY = mn 1% = IEF 


CASE III. If B be at reſt before the ſtroke, 


then will Aa be 0 ATB. as m to 1; whence we 


have 
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have —J- NT In this caſe b is nothing, 


and conſequently — is infinite. 


IWhen the bodies are perfeftly elacti ch. 


CASE IV. If the bodies move the ſame Way, 


| ? 2ABb+AAa—ABa 
Aa will be to = » AS m toi; 


A . ma+a—2mb 
hence we have = -x 
* RM ma—a 


x 2mB * 
mB—+-A+B—mA * 


a 


Cas E V. If the bodies move contrary ways, 
A-witths AAa—ABa—2ABb 5 
will be to IIB „as m to 1; 


A 2mb+ma+a 
whence we have — 


2 

, and * 
2mB 

mA—A—B—mB * 


CASE VI. If B be at reſt before the ſtroke, 


Aa will be bs =; — as m to 1; whence we 


— In this caſe b is nothing, and 


A 
have B 2 = 
conſequently 5 is infinite. 
Exam. I. If the bodies be entirely void of 


elaſticity, and move the ſame way, A with a velo 
city of 7, and B with a velocity of 3; and A loſe 


half it's motion by the ſtroke, or, which amounts 


to the ſame, if the motion of A before the * 
"OY 


elaſtic] 


as Lal 


be to 1 


will be 


and th 
motioi 


IO; t 


and 9. 
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and A 
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thing, 


m will 
s; by 


hing, 


Non-elaſtick and Elaſtick Bodies. 


be to it's motion after, as 2 to 1, In this caſe, a, 

a- mb 

ma—a 

by Caſe 1, will be equal to + 3 fo that A and B will 

be as 1 and 7. Here Aa, the motion of A before 
AAa+ABb 


A ARE" 
b, m, are 7, 3, 23 and >, which is equal to 


| the ſtroke, is 7, and — 2 it's motion after 


the ſtroke, is 32; but 7 is to 34, as 2 to 1. 


Exam. II. If the bodies be entirely void of 
elaſticity, and move the ſame way, if A and B be 
as 1 and 4, and the motion of A before the ſtroke 
be to it's motion after, as 3 to 1, In which caſe m 


mB 
A B- mA 


will be 3; then . which is equal to 


| by Caſe 1, will be equal to 5, ſo that a and b will 


be as 6 and 1. Here Aa, the motion of A before 


AAa -A : ; 
the ſtroke is 6; and — 1 it's motion 


after the ſtroke by Caſe 1, is 2; but 6 is to 2, as 
3 to 1, 


Ex AM. III. If B be at reſt before the ſtroke, 
and the motion of A before the ſtroke be to it's 
motion after, as 10 to 1, in which caſe m will be 


10; then will 3 be 5, or A and B will be as 1 


and 9. If the velocity of A before the ſtroke be 
expreſſed by 1, that 1s, if a be 1, then will Aa be 1, 
AAa 
A+B 

It is to be obſerved, that A can never communi- 
cate all it's motion to B, except when 1t 1s infinitely 
greater than B, in which caſe B will become no- 
thing. For if A communicate all it's motion to B, 
tm will be 1; and 2 which is as 


b =; but 1 is to , as 10 to 1. 


Mm will be as 


+; but £ is infinite; and therefore A muſt be infi- 
A a nitely 
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nitely greater than B, to loſe all it's motion by the 
ſtroke. 

Ex AM. IV. If the bodies be perfectly elaſtick, 
and move the ſame way with velocities which are a; 
3 and 2; and if the motion of A before the ſtroke 
be to it's motion after, as 2 to 1; then will a, b, m, 


be 3, 2, 2; and 5 which is as — by 
Caſe 4, will be 4; ſo that A and B will be as 1 and 
3. Here Aa, the motion of A before the ſtroke, 
; 2ABb+-AAa—ABa ., | 
is 33 and ATB „it's motion after 
the ſtroke, is T; but 3 is to 4, as 2 to 1. 
Exam. V. If the bodies be perfectly elaſtick, 
and move the ſame way, if A and B be as 4 and 3, 
and the motion of A before the ſtroke be to it's mo- 
tion after, as 3 to 1; then will A, B, m, be 4, 3, 3; 
2mB : 
mBrAtB-ma U C 
will be 2, ſo that a and b will be as 5 and 2. Here, 


Aa, the motion of A before the ſtroke is 20; and 
2ABb-AAa—ABa 


a ee 
and TF» which 1s as 


ALB „the motion of A after, is „ 


but 20 is to , as 3 to r. 

Exam. VI. If A and B be perfectly elaſtick, 
and B be at reſt before the ſtroke, if A move with 
a velocity of 4, and it's motion before the ſtroke be 
to it's motion after, as 3 to 1; then will a, b, m, 


A 
be 4, ©, 33 and , which is as DLL by Caſe 6, 


will 2 = ;; ſo that A and B will be 2 and 1. 


Here, Aa the motion of A before the ſtroke, is 8; 
Jr. : 1 
an Tp it's motion after the ſtroke, is; 


but $ is to s, as 3 to 1. 


SCHOLIUM 


Non-elaſtick and Elaſtick Bodies. 


SCH OLI UM. 


If it be required to know the motion of B after 
the ſtroke in the ſix Caſes be fore mentioned, that 
motion may be had, from what our Author has de- 
livered, when the weights of the Bodies, and their 
velocities before the ſtroke are given. 

If the bodies be entirely void of elaſticity ; the 
motion of B after the ſtroke, when before the 
ſtroke, the bodies move the ſame way, when they 


move contrary ways, or when B is quieſcent, is 
BAa+BBb BAa—BBb BAa 
"MS r 

And if the bodies be perfectly elaſtick; the 
motions of B after the ſtroke, when before the 
ſtroke the bodies move the ſame way, when they 


move contrary ways, or when B is quieſcent, is 
2BAa+BBb-BAb 2BAa-BBb+BAb 2BAa 


„„ ie! | þ 


Pros, IT. If two bodies A and B, be given and 
be perfectly elaſtick, if A be the leſſer body, and B be 
at reſt before the ftroke ; it is required to find an in- 
termediate body of ſuch a weight or quantity of matter, 
which I ſhall denote by x, as that, A ſtriking x at 
reſt, and x with the motion acquired by the ſtroke 
ſtriking B at reſt, the motion produced in B ſhall be 
greater than can be produced by an intermediate body 
of any other wweight, or, in other words, that the motion 
in B ſball be a maximum. 


The motion of x after it is ſtruck by A, is 


2Aax $- 6 . 
It and the motion of B after it is ſtruck by x, is 


____ 4ABax 
ABTAx+BxÞ xx * by Scbol. Prob. 1. 


A 2 2 But 
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But by ſuppoſition the motion of B is a maximum 
and conſequently it's fluxion is nothing. The 


a 5 AB f 
fluxion therefore of IB = —_ Fo 1 nothing, 


ls AA Bax—4ABxax* _ 5 | 

a IBF * o. Conſequenth, 
4A*B*ax — 4ABxax S o; and, by dividing ty 
4ABax, AB—x*=0; and AB= x*; whence x i; 
a mean proportional between A and B. 

Our Author has given a clear ſolution of thi: 
Problem, but in a different manner. 

Cor. I. It a number of bodies be in a cont; 
nual geometrical progreſſion, if the leaſt of th: 
bodies be A, the ratio of the increaſe be e, and the 
number of bodies n; and if A ſtrike the ſecond 
body at reſt, and the ſecond with the motion ac- 
quired ſtrike the third body at reſt, and ſo on to 
the laſt; the bodies, their velocities and motions, 
will be thus expreſſed. 


Bodies - - Ae, ca ek e&Ac-o1t-4 


Velocities - a 1 &c * ap 
I te ich“ 1+ Tce 

2 Aae 4Aac* S Aae & 

e' Ie“ Ie e 


Ex AM. I. If the number of bodies increaſing 
in geometrick proportion be 20, and the common 
ratio of the terms be 2, n will be 20, and e be 2. 
The laſt body will be 524288 times greater than 
the firſt; the velocity of the laſt will be to the ve- 
locity of the firſt, as 1 to 2216+ ; and the motion 
of the laſt will be about 236+ times greater than 
the motion of the firſt, 

Exam. I. If-the number of bodies be 100, and the 


Motions - Aa, 


common 7atio of the progreſſion be 2; then will n be 


* 100, 


| 2—I 


Fol 


the n 


| than | 
be 10 


each 


10.97 
behin 


None elaſtick and Elaſtick Bodies. 

ioo, and e will be 2. In this caſe, the laſt body will 
be above ©633825300000000000000000000000 
times greater than the firſt, it's velocity will be to 
the velocity of the firſt, as ito 27 10220 
nearly; and the motion of the laſt will be to the 
ntly, motion of the firſt, nearly as 2338480000000 


to 1. 
> by Cor. IT. If the motion of the firſt body be to 
x te motion of the laſt, as 1 to D, that is, if Aa be to 


n—T 
ti; 22:1 Aa, as 1 to D, then will e be equal to 


14e 
onti- _ 
the 
1 the Mb 5 SK 
cond WW 2» —D 
n ac WF For example, if the number of bodies be 20, and 


the motion of the laſt be 100000 times greater 
105, WF than the motion of the firſt, n will be 20, D will 
be 106000, and e will be 10.9746 nearly; ſo that 
each preceding body in the 20 bodies muſt be 


10.9740 times greater than the body lying next 
| behind it. 


| Cor. III. If the motion of the firſt body be to 
the motion of the laſt, as 1 to D, that is, if Aa be to 


Aa. 0% by 
TTe Aa, as 1 to D, D will be equal to 
24 10 | 13 
alin Lo : 4 : 
OY de and, putting R for - Te and L for lo 
be 2. garithm, we ſhall have DSR, and L, D 
than ni x L, R. 
e ve⸗ : 8 
Otion For example, if e be 4, and n be 25, _— will 
than 


be , the logarithm of which number is 0.2041299 
| the I, R; and n — 1 x L, R = 4.8988795 =L, D. 
ſhe natural number of this logarithm is 79228 

nearly; ſo that in this, caſe the motion of the laſt 
Aa 3 body 
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body will be nearly 79228 times greater than the 


motion of the firſt. 
Cor. IV. If D and R be given, n may he 


found by being equal to N = for by the 

laſt Corollary L,D = n—1 x L,R, and conſequently 
LD+LR 

n=" 


For example, if D be 100000, and e be 2, in which 
caſe R will be 4; then will L, D, be 5.000000, 
L,D+L,R 

L,R 
41.02=n; ſo that more than 41 bodies will be 
neceſſary to make the motion of the laſt 100009 
times greater than the motion of the firſt. 


'Y 
Of the Motion of Globe in a Fluid Medium, 


Pros. III. F the diameter and denſity of 4 
Globe moving in a fluid medium, if the denſity of the 
medium, the velocity with which the globe ſets out, 
ond the time of the motion, be all given ; to determine, 
the part of the velocity which is deſtroyed by the ref. 
ance of the medium, the remaining part of the velbci 
ty, and the ſpace deſcribed by the globe in the given 
Lime. 


„ Will be 


and L, R 0.1249387 ; and 


Let D denote the diameter of the globe, di it 
denſity, q the denſity of the fluid medium, V the 


velocity with which the globe ſets out, t the time 


of the motion expreſſed in ſeconds, m the part of 4 
diameter or number of diameters of the globe which 
it would deſcribe with the velocity V in the time t, 
and I the time in which the globe with the veloct- 


ty V would in vacuo deſcribe a ſpace which is to 


8D 
as d to ; and then the part of the velocity 


F deſtroyed 


part 
ſiſtar 


the 1 


deſcr 
2.30: 
150 
3a 
tutint 


foreg 
ſtroye 


t will 
city v 
time 


Co 
to the 


to d, 


medius 


in à Fluid Medium. 
deſtroyed by the reſiſtance of the medium, will be 
mdV Fg | RE: 
Tem the remaining part of the velocity will be 


1d 


7 


d md 


z and the ſpace deſcribed in the medium 


; 8Dd Es 
in the time t, will be 30 * Log. 1+ 1 


x 2.30238 5093. 


For Sir Isa Ac NEWTON has proved, that the 
part of the velocity which is deſtroyed by the re- 


be ſiſtance of the medium in the time t, is 1 I 7 ; that 
be 6 WY 
"00 the remaining part BTIT and that the ſpace 


deſcribed in the time t, is TV x Log. —= * 
* 2. 302583093. But by conſtruction, T is as 


d ; D 
; 12 and V 1s as = And therefore, by ſubſti- 
4 
8Dd + 
„ng W and —— inſtead of T and V in the 
at, : 
gs foregoing expreſſions, the part of the velocity de- 
00%. ſtroyed by the reſiſtance of the medium in the time 
loci JV DF! 
ra t will be IT Tm the remaining part of the velo- 
2 Id ROE: 
city will be 7 Am 7 and the ſpace deſcribed in the 


| it's d 5 
the time t will be eg gl 2. 302585093. 
3d 7.7 If 


Cor. I. If the denſity of the globe be equal 
to the denſity of the medium, that is, if d be equal 
to 9, the velocity deſtroyed by the reſiſtance of the 
mV 


rw 
Aa4 This 


medium in the time t, will be 


* 
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This Corollary will obtain, if the globe and the 
medium be perfectly denſe or void of pores; for hy 
being entirely void of pores, they will have equal 
denſities. And ſuch a Globe moving in ſuch ; 


medium the length of 3 times it's diameter, will lo{: 


V 
above halt it's velocity; for if m be 3, 1 wil 


L IFm 
be 175 And this will always be the velocity loft 


in moving three times the length of the diameter, 
when the globe and the medium have equal den- 
ſities. 


Cor. II. If a globe in moving through m 
times it's diameter in à fluid medium, loſe the n part 


8 md 
of it's velocity; then will n = A Tims ids 


& x m— nm FN dn J nd 
In as rang noe ana m = 29—3nd 
mgaV mo 
For dm = nV; whence n = Im 
a x m- nm dn 
= Tp " — , and m = 
2 OT: 
30. 3nd 


Ex A M. I. If a globe loſe ; of it's velocity ir 
moving the length of 10 times it's diameter in wa- 
ter, in which caſe n will be 3, m will be 10, and 
I will be 1; then d will be £5, that is, the globe 


will be denſer than water in the proportion of 5 
tO 4. 


Exam. II. If a globe 10 times as denſe 2: 
water, loſe aths of it's velocity in moving 10 times 
it's diameter in a fluid; the denſity of that fluid 
will be 8 times as great as the denſity of _ 

0 


d the 
or by 
equal 
uch a 
| loſe 


will 


y loft 


neter, 
den- 


ity in 
n wa- 
, and 
globe 


of 5 


ue a5 
times 
fluid 
Atet. 


In 


| which is equal to 


it had at the beginning of the motion. 


equal to 


in a Fluid Medium. 
In this caſe d is 10, m is 10, and n is 3; and d, 
. 


3 . 
"IT * 8 . 
m—nm ? ! 8 


Ex AN. III. If a globe twice as denſe as water, 


| Joſe 3ths of it's motion by moving in a fluid 14 
times as denſe as water; it will ſuffer this loſs of 
| velocity in moving the length of 14 D. For in 


this caſe, d, 4, n, are 2, 14, ; and m, which is 
8nd 


equal to "33nd will be 3 = 1}. 


Exam. IV. If a perfectly ſolid globe move 24 
times the length of it's diameter in a perfectly ſo- 
lid medium, it will loſe 9 parts in 10 of the velocity 
For in this 
cafe d is equal to q, and m is 24; anden, which is 


7 — „ will be equal to 7.5 = s 
m 


Exam. V. If a globe of equal denſity with 
water, move half the length of it's diameter in air, 
I 


it will loſe the - 
45577 


part of 1t's velocity, on ſup- 


| poſition that the denſity of water is to the denſity of 


air, as 860 to 1, For in this caſe d, 4, m, are 860, 


: mad 
1, r; and n, which is equal to £1+mP will be 


2 Ws 
45877 


Exam. VI. If the earth moved round the 
lun in a fluid medium of equal denſity with the air 
at the ſurface of the earth, it would by the reſiſtance 
of the medium loſe almoſt all it's motion in 10000 
years, on ſuppoſition that the denſities of the earth, 
of water, and of the medium, are 5, 1, h Or in 
decimals O. 0011628. For the earth moves in it's 

orbit 


365 


—— , 5 Jo — - — 
r ˙ . ˙·6Ü³ tones. 
= * 4 12 —— — LARS. 
ha 
9 - ESY = o i i 
* = — — — 2 — — 
. —_— — - * 
2 A — * — WV OS... 
GT 4 — — — 
. — = 
* * * _ 


368 


Of the Motion / a Globe 


orbit with a velocity that carries it at the rate of 
4893938782791 miles, or 617142343 times the 
length of it's own diameter in 10000 years, on ſup. 


ſition that the ſun's horizontal parallax is 105. In 
this caſe therefore d, d, m, are 5, o.o0 11628, and 
6171 42 343; and conſequently n, which is equal to 
NY will be a 3th part, which is nearly 
the whole, of it's preſent velocity. 

By the French meaſures, a degree of a great 
circle of the earth contains 342366 Paris tect, or 
365403-3158 Engliſb feet, on ſuppoſition that a 
Paris foot is to an Engliſh foot, as 1142 to 1050. 
And conſequently the diameter of the earth, ſupp. 
ſing the earth to be ſpherical, will be 41870981 
Engliſh feet, or 7930 miles. The mean diſtance 
of the ſun from the earth, reckoning the parallax 


at 107 ſeconds, is about 19644.2675 ſemidiameters 
of the earth, or 77889520.6375 miles; conſequent- 
ly the circumference of the earth's orbit 1: 
489393878.2791 miles, which the earth deſcribes 
in one year, or 29558161.6 ſeconds of time. 


Exam. VII. If the earth move in an Athy 
700000 rarer than the air at the ſurface of tic 
earth, it will loſe about th part of it's preſent vc- 
locity in 10000 years; for in this caſe d, à and m, 
are 5, 0.000000001 66, and 617142343 and con- 


ſequently n, which is equal to T = J vill be equal 
102445628938 


14.35778962271 
the preſent velocity very nearly. | 

And if the earth move 100000 years in this 
Aither, it will loſe almoſt half of it's preſent motion 
in that time. | 


to a th part, that is rth part of 
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in a Fluid Medium. 

Exam, VIII. If we ſuppoſe the earth to loſe 
the goth part of it's preſent velocity by moving in 
an £therial medium for 400000 years, in whieh 
time it will have deſcribed 2468 5693680 times it's 
diameter, the denſity of the medium will be above 
200 millions of times leſs than the denſity of the 
ur at the ſurface of the earth. For in this caſe d, 
n, m, are 5, 0.01, 24685693680, and conſe- 


3 dn 
quently 9, which 1s equal to 3 „ will be 
0.1333333 = I But 


24438836743. 2000000 ©” 183366000000 * 


the denſity of water being 1, the denſity of air is 


7:3 and conſequently, the denſity of the air at the 
ſurface of the earth will be to the denſity of this 
medium, as above 213200000 to 1. 


Of the Motion of Wheels over Obſtacles. 


PRO B. IV. Fa wheel moving on an horizon- 
jol plane, meet with an immoveable obſtacle in it's way 
der which it is to be drawn by a force fixed to it's 
center ; if the weight and diameter of the wheel, the 
height of the obſtacle, and the direction of the force 


irawing the wheel, be all known ; thence to determine 


the force that is ſufficient to draw the wheel over the 
ojtacle. 


Let GPME. be the wheel, ND the horizontal 
plane on which it moves from N towards D, EF 
the obſtacle over which it is to be drawn; let the 
wheel arrive at the obſtacle, and touch it's top E; 
and there let it be ſuppoſed to ſtand preſſing the 
horizontal plane at G with it's whole weight. Draw 
OEK a tangent to the wheel in the point E, draw 
the diameter ACG perpendicular to the horizontal 


plane, and produce it till it meet the tangent in O; 
| trom E draw the radius EC; draw EH perpendi- 


cular 
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cular to AG; and mr, MC, perpendicular to FC, 
and conſequently parallel to the tangent OK; and 
laſtly, draw the radius Cm; if the whole weight of 
the wheel be expreſſed by CO, in the direction of 
which line that weight acts when the wheel is wholly 
ſupported by the horizontal plane at G, that weigh; 
may be reſolved into two others CE. and Ol: 
acting according to the directions of thoſe lines, 
the weight CE preſſing againſt the top of the im. 
moveable obſtacle, and being wholly fuitained by 
it, and the weight OE drawing the wheel down in 
a direction parallel to the tangent OEK. Let W 
denote the whole weight of the wheel, r it's radi, 
h the height of the obſtacle, and x the part of the 
whole weight which draws the wheel down in a 
direction parallel to OEK ; and then we ſhall hav: 
this analogy; as x is to W, ſo is OE to CO, or 
HE to CE, from the ſimilarity of the triangle 
17 
CEO, and CEH; whence x = * = ; but 
HE, from the nature of the circle, is equal to 
AH x HG, or to /AHxEF, that is, in ſym- 
bols, to y2ri—hh; and therefore x — 
W x 4/2rh—hhb 
r 
and acting in direct oppoſition to it, that is, draw- 
ing the wheel upward in the direction CM paralic] 
to OK, will juſt be able to make the wheel reſt on 
E the top of the obſtacle, without ſuffering any part 
of it's weight to reſt on the horizontal plane at G. 
This force mult be increaſed to produce the ſame ct- 
fect, if it act in any other direction than that of CM. 
For let it draw the wheel in the direction Cm, m 
lying between E and M, and then the force acting 
in this direction may be reſolved into 2 forces, 
which will be as Cr and rm, whereof Cr draws the 
wheel directly againſt E the top of the _ 
an 


A force juſt equal to this weight, 


cannot 


muſt 
therefc 


creaſed 
ting T 
which 
obſtac 


ND, 
dition 
over £ 
Sin 
to the 
reſt or 
weigh 
Is, pu 
cle, fi 
WX. 


[t 1 
force 
force 
Whol! 
contr 
the 1 
not en 


over Obſtacles. 


and ſo is loſt, and mr draws it upwards in a di- 
rection parallel to OK. But mr is leſs than Cm 
or CM, and to become equal to it, and conſe- 
quently, ſufficient to ſupport the wheel againſt 
the top of the obſtacle without ſuffering any 
part of it's weight to reſt on the horizontal plane, 
t muſt be increaſed in the ratio of Cm or CM 
to rm, that is, putting s for the ſine of the an- 
ole which the direction of the force makes with 
(E, in the ratio of r to s; but the force rm 
cannot be increaſed, but the whole force CM 
muſt be increaſed in the ſame proportion, And 
7 / 

therefore the force — — a muſt be in- 
creaſed in the proportion of r to s, and then, put- 
ting F for the force, acting in the direction Cm, 
which is juſt ſufficient to ſupport the wheel on the 
obſtacle without ſuffering it to preſs on the plane 
ND, F = — Wm and the ſmalleſt ad- 
dition to this force will make it draw the wheel! 
over the obſtacle. 

Since the reſiſtance given by the obſtacle, is equal 
to the force that 1s juſt ſufficient to make the whee! 
reſt on the obſtacle without ſuffering any part of it's 
weight to preſs on the plane of the horizon, that 


ight, 


7 v putting R for the reſiſtance given by the obſta- 
en Dek, fince R is equal to F; R will be equal to 
part Wxy/2rb—hb 

at G. 3 

ne ef. It is to be obſerved, that the direction of the 
CM, borce muſt lie between CE and CA; for if the 


n, m {Worce draw the wheel in the direction CE it will be 
ing vbolly ſpent upon the obſtacle, and not in the leaſt 
Yrces, contribute to draw the wheel over it; and if it draw 
; the de wheel directly upwards from C to A, it will 
acle, ¶ dot make it to preſs againſt the obſtacle, and conſe- 
and quently, 
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quently, however great we may ſuppoſe it to be, 


can never draw 1t over it. 1 

Co R. I. If the direction of the moving fore * 
change continually, paſſing from CE to CM, A F 
thence to CP, the ſine of the angle which the line 4 
of direction makes with CE, will increaſe in the 0 2 
paſſage of that line from CE to CM, and decreaſ 5 


in it's paſſage from CM to CP; but as s increaſe 


W x 4/2rh—hh 5 
or leſſens, 1 — will leſſen or increaſe; 


and conſequently the force F will leſſen in the pul. 
ſage of the line of it's direction from CE to CM, 


and thence increaſe in the paſſage of that line off Co 
CA. So that the force will be leaſt when it acts n{WM4chni! 
the direction CM, in which caſe the whole force gent 
will be employed in drawing the wheel over the D, 
ſtacle ; whereas in all other directions, part of tb nnd if 
force will be loſt by drawing directly againſt the 
top of the obſtacle, Hence the moſt advantages {| to 
direction of the force, will be that which make 
right angle with CE, in which caſe s will be equi er, be 
tor, and F = — a A o_ 
In 
Co R. II. If the height of the obſtacle be given xe 
in which caſe h will be as 1, and the force draw t W 
wheel in the direction CM parallel to OK; then! raralle 
at — them | 


If the radi; of 4 wheels, be 1, 2, 3, 4, then vil rallel te 


Vai be 1,2, 2 47, that is, as the num E 
bers 1000, 866, 745, 661 ; and the forces requſ de ho 
ſite to ſupport theſe wheels on the point E, ſo 8 that 
not to ſufter any part of their weight to reſt on H erce t 


horizontal plane, will be as their weights multiplit 
| int 


*creaſe 
creaſeʒ 


creaſe; 


he pal. 
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rallel to that plane, will be as 1, 


And therefore, of wheels drawn on the 


over Obſtacles, 


into theſe numbers reſpectively. The force requi- 
ite to ſupport the firſt wheel, will be as it's weight 
multiplied into 1000, the force requiſite to ſupport 
the ſecond wheel as it's weight multiplied into 806; 
and ſo of the reſt. And if the weights of all the 
wheels be equal, the forces neceſſary to ſupport 
them, and conſequently the reſiſtances given by 
the obſtacle ro which theſe forces are equal, will be 
xz the numbers 1000, 866, 745, 661. So that 
in wheels of a given weight, the leſſer the wheel is, 


the greater will be the reſiſtance which is given to 


it by an obſtacle of a given height. 


Cor. III. If the height of the obſtacle be in- 
definitely ſmall and given, in which caſe the tan- 
gent OK will coincide with the horizontal plane 
ND, and the point E coincide with the point G; 
and if the force draw the wheel in a direction paral- 


LOR as ND; then will F.be + Wnt 


or, becauſe 2 is a given quantity, as r; and if 


the weight of the wheel be given, F will be as 
J 
3 
If the radii of 4 wheels of equal cha be, 1, 2, 
}, 4, and the wheels be drawn on a ſmooth plane 
parallel to the horizon; the forces neceſſary to put 
tem in motion, when they draw in directions pa- 
Ter 
| 4/2? WES. v4 , 
that is, as the numbers 1000, 707, 577, 500. 
plane of 
the horizon by forces acting in directions parallel 
bo that plane, leſſer wheels will require a greater 
vree to put them in motion than greater. 


COR. 
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Co R. IV. If the height of the obſtacle be pro. 
portional to the radius of the wheel, and if the 
force draw the wheel in a direction parallel to OK; 
W x /2rh—hh 

r 
then will the force, and conſequently the reſiſtance 
given by the obſtacle, be as the weight of the 


2 — will be a8 —— 
is as 1; and therefore F will be as W. 


that is, if h be as r, and F be as 


b 


wheel ; for - „that 


Cor. V. If the direction of the force drawing 
the wheel be parallel to the horizontal plane, that 
is, if mC be parallel to ND; then will the force 
that 1s requiſite to ſuſtain the wheel on the point E, 
"TH W x 4/2rh—hh 
r—h 
mCE is equal to the angle CEH, and conſequently, 
their fines are equal, that is, s is equal to CH, 
which in ſymbols 1s r—h. And therefore F, which 


For in this caſe the angle 


univerſally is as —— 2 —— is in this caſe as 
W x /2rh—hh 
teh | 


If the height of the obſtacle be given, in which 


caſe h will be as 1, then will F be 2 — 


| r 
If the radi; of 4 wheels of equal weight, be 
1, 2, 3, 4; then will F with reſpect to theſe four 


wheels, be as —, , LES L «© that 1s, as in- 
finite, 1732, 1128, 882. The height of the ob. 
ſtacle is equal to the radius of the firſt wheel, inal: 
much as I have ſuppoſed them both to be as 1 and 


conſequently the force muſt be infinite to make if 
W11C 


will 


will 
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over Obſtacles. 
wheel reſt againſt E, and hinder any part of it's 


xy weight from preſſing on the horizontal plane at G. 

the | | 

JR; Cor, VI. The force is to the weight of the 

h WM wheel, as the fine of the angle ECH is to the fine 
of the angle which the line of direction of the force 

ance makes with EC; that 1s 3 


Varh — hh 

the 1 
If the force be one half of the weight of the 

wheel, that is, if F be one half of W, y2rh—hh 

will be one half of s; if F be equal to W, Hirh hh 

vie will be equal to s; and if F be as W, y/2rk—hþ 
will be ass. 


Of the Motion of Water through Orifices and 
Pipes, 


angle 
th PROB. V. To determine the motion of water run- 
C11, Wl ing out of à hole made in the bottom of a veſſel. 


Sir IsA Ac NewrTox has given a general ſolution 
of this Problem 1n the following paragraph, which 
is contained in prop. 36. prob. 8. lib. 2. 


« foramen circulare in medio fundi, G centrum fo- 
* raminis, et GH axis cylindri horizonti perpen- 
* dicularis, Et finge cylindrum glaciei APQB ejuſ- 
dem eſſe latitudinis cum cavitate vaſis, et axem eun- 
dem habere, et uni formi cum motu perpetuo de- 
* ſcendere, et partes ejus quam primum attingunt 
ſuperficiem AB liqueſcere, et in aquam converſas 


as in- gravitate ſua defluere in vas, et cataractam vel 
ne ob- * columnam aquæ ABNFEM cadendo formare, et 
inal per foramen EF tranſire, idemque adæquate im- 


* Plere. Ea vero fit uniformis velocitas glaciei 
* deſcendentis ut et aquz contiguz in circulo AB, 
quam aqua cadendo ct caſu ſuo deſcribendo alti- 
B b 6 tudinem 
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« Sit ACDB vas cylindricum, AB ejus orificium pl. 11. 
« ſuperius, CD fundum horizonti parallelum, EF Fig. 2. 
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tudinem IH acquirere poteſt; et jaceant IH « 
HG in directum, et per punctum I ducatur re&; 
KL horizonti parallela et lateribus glacici occur. 
rens in K et L. Et velocitas aquæ effluentis 
per foramen EF ea erit quam aqua cadendo ab! 
et caſu ſuo deſcribendo altitudinem IG acquirere 
e poteſt. Ideoque per theoremata GALIL #1 erit 
« IG ad IH in duplicata ratione velocitatis aque 

per foramen effiuentis ad velocitatem aquæ in cir. 
culo AB, hoc eſt, in duplicata ratione circyli 
« AB ad circulum EF; nam hi circuli ſunt reci. 
«© proce ut velocitates aquarum quæ per ipſos, eodem 
tempore et æquali quantitate, adæ quatè tranſcunt, 
De velocitate aquæ horizontem verſus hic agitur, 
Et motus horizonti parallelus quo partes aquz ca- 
dentis ad invicem accedunt, cum non oriatur 1 
-gravitate, nec motum horizonti perpendicub- 
rem a gravitate oriundum mutet, hic non con- 
deratur. Supponimus quidem quod partes aquz 
“ aliquantulum coherent, et per cohæſionem ſuam 
inter cadendum accedant ad invicem per motus 
horizonti parallelos, ut unicam tantum cflorment 
cataractam et non in plures cataractas divicantur: 
ſed motum horizonti parallelum, a cohæ ſionc ili 
« Oriundum, hic non conſideramus. 

This Theory Sir Isa ac corrected by experiments, 
proved it in ſix different caſes, and drew fever! 
corollaries from it. The reaſon why a correction 
was neceſſary will be ſhewn in the Scholium. And 
the truth of his and other corollaries flowing from 
this theory, will more eaſily appear by expreſſing 
the foregoing proportions' of the velocitics in 
ſymbols; to do which, let A denote the ares gf 
the circle AB, a the area of the hole EF, H the 
line HG which is the perpendicular height of the 
water in the veſſel above the hole, x the height IN 
from which water or any other body mult fall by 
the force of gravity from a ſtate of reſt, to acquire 
the velocity of the water in AB, V the velocity d 
watc! 
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through Orifices and Pipes. 


I « WM Vater in it's paſſage through the hole EF, and v it's 

<a Wh velocity in the ſurface AB; and then the propor- 

cur- tions will be thus expreſſed, H+x. X:: VI. ye :: 

7 | A* , a* z whence, „TI X. VX: : V. v:: A. a. 

2 

* Cor. I. The height from which a body muſt 

que i fall to acquire a velocity equal to the velocity of the 
8 ; v*H 

os | water in the ſurface AB, is equal to Va > or 

Irculi I 

COR aH . 5 5 

.. For by inverſion and diviſion of pro- 

odem Wh A'—4 i 

ſeunt, MY portion, Xx. H.:: *. V-. :: a. Aa-; 

gitur. h ; . v*H of ins a*H 

"eco, vhence x FIDE == . But x denotes 

atur a v*H a*'H 

Ucula- Il. And therefore IHS N e — . 

conſi | | 

* Cor. II. The perpendicular height of the 


water in the veſſel, denoted by H, is equal to 


motus 1 r r 

1 IH x V*—y IH x A*—a 

ret _ , Or - „ by Cor. 1. 
antur: * a 

INE 1114 


Cor. III. The height from which a body muſt 


ments, fall to acquire a velocity equal to that with which 
leveral the water flows through the hole, is equal to 
rection VI A*H 1 
Ander, or Ai. For by diviſion of propor- 
g from tion, HAx=IG. H :;V*, VII:: Al. A. — a, 
breſſing | VH AH 
itics in Nvhence . e os + 
area o! | | | 
H the? 8 2748 
of the Con. IV. The perpendicular height of the 
cht vater in the veſſel, denoted by H, is equal to 
fall by WIG x Vi—v* IGx A*—a* C 
acqu i V. 3 N . 


city 0 
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Cor, V. If the area of the ſurface be equal io que 
the area of the hole, H will be nothing in compa. ed 
riſon of IH and IG which will be equal. For H I 
A be equal to a, H will be nothing by Cor. 2. and 
IH and IG will be equal and infinite by Cor. 1, ani 
Cor. 3. | of r. 

The truth of this Corollary may likewiſe appea I take 
from the nature of. gravity. For if A be equal tv d 
a, V muſt be equal to v. But V can never be cqua V, 
to v while there is any acceleration of the motion of ſom! 
the water in it's deſcent through the veſlel, as there WM 
will always be till H becomes nothing in compari. W 
ſon of the equal lines IH and IG, which in this caſe en 
mult be . as infinite. 


. Cor. VI. If a be greater than A, in which caſe W hole 
A*—a* will be negative, H will be negative, by W rinuc 
Cor. 4; and IG, and conſequently V, will be afir- W the 
mative, by Cor. 3. But a negative perpendicular 
height of the water in the veſſel, and an affirms 
tive velocity of the water flowing through the holt, 
require an inverſion of the veſſel or a turning of it' 
bottom upwards ; by which inverſion the hole wil 
become the upper orifice, and the upper orifice the 
hole; a will become A, and A become a; and 
the velocity will be affirmative, that is, the water 
will move downwards, as it ought to do from tht 
nature of gravity. Farther, when a is greater than 


A, the veſſel will be conical with it's wider end nem 
downwards; but from the nature of gravity, wat... .. 
poured in at the top or narrower end of ſuch a velic, BY vill k 
will deſcend in a cylindrical column, which will not 5 
fill the baſe, as the foregoing account of this mot.. 15 
on requires; and therefore, to give this caſe the nable 
conditions required, there muſt be an inverſion di 75 , 
the veſſel. | ſ ba 
mall 
Cor. VII. If the hole be ſmall, and the ful begin 


face of the water infinitely large, both a and v " 


through Orifices and Pipes. 


be conſidered as o with reſpect to A and V; conſe- 


8 quently IH will be o, by Cor. 1. and IG will be 
. equal to H, by Cor. 3. 

Fo. In bis caſe, and this only, the ſuperficial parts 
b ana of the water have no velocity at the very beginning 
_—_ o che motion, but begin to deſcend from a ſtate 
of reſt, as quieſcent bodies do when the ſupport is 
abet taken away. In all other caſes, in which a and v 
4 have ſome magnitudes when compared with A and 
1 * V, the ſuperficial parts of the water ſet out with 


ſome velocity, and do not begin to deſcend, on the 


tion of , 

8 3 | water's beginning to flow through the hole, as hea- 
mar. vy bodies near the ſurface of the earth begin to de- 
2 ſcend from a ſtate of reſt. 


| Cor. VIII. If the ratio of the ſurface to the 
ch caſe WW hole be given, as it will be when each of them con- 
ve, by tinues the ſame, or when both of them change in 
e affit. ¶ the ſame proportion; the velocity in the ſurface 
d1cular WW will be proportional to the velocity through the 
uThrma- WE hole, and both will be proportional to the velocity 
1e hole, WW which would be acquired by a body in falling 
3 of its though a height equal to the perpendicular height 


ole wil . : 
ice the of the water in the veſſel. If I be given, -; will 


a; andi be given; and conſequently v will be as V. And 
e water FIRES? a A* ; 
om the | ſince 2 IS given, 7. and — a will 


ter than both be given; and conſequently both IH and IG 
ler en08 vil be as H, by Cor. 1. and Cor. 3. But v and V 


„Mate are as IH and IG. And therefore, both v and V 


- 12 will be as „H. 


is mot. By this Corollary, when A and a continue inva- 
aſe tie able, and the heights of the water in the veſſel 
lion of ate 1, 4, and 16 feet; the velocities in AB and 
| EF will be as 1, 2, and 4. But bodies placed at 

| {mall diſtances from the ſurface of the earth, do all 
che lu begin to deſcend with the ſame velocity very near- 


v maj B b 3 ly, 
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ly, as has been proved by experiments. Ang 
therefore the ſuperficial parts of the water in this 
caſe, begin to deſcend in a very different manner, 
or with very different velocities from that with 
which a heavy body placed at thoſe heights, begins 
to deſcend from a ſtate of reſt. The velocity in 
AB is regulated by the velocity in EF, and the ve- 


locity in EF is always meaſured by /H, when 
is given. 8 


Cor. IX. The velocity of the water in the ſur- 


face AB is always the — part of the velocity through 


the. hole, that is, v is the — part of V, or in other 


Vic W 
words, v = — When a is nothing in proporti- 
on to A, as we may ſuppoſe it to be, when a is 
very ſmall, and A exceedingly great, then will v 
be no. ſenſible part of V, that is, it will be nothing; 
and conſequently, the ſuperficial parts of the water 


will in this caſe begin their motion, as heavy bodies 
do, from a ſtate of reſt, 


Cor. X. The whole motion of the deſcending 
column. AMEFNB, is equal to the motion of a 
cylinder of water, whoſe baſe is a, whoſe altituce 
is H, and whoſe velocity is V, that is, to the mo- 
tion aH x V. For Va is equal to vA, that is, the 
motion of the water in EF is equal to it's motion in 
AB; and from the nature of the deſcending column, 
each of them is cqual to the motion in any ſection 
of the column parallel to EF or AB; and conſe- 23. 
quently, the motion in all the ſections, ſuppoſing Ml falls. 
them to be indefinitely many, that is, the whole Ml of 1 
motion of the deſcending column, will be equal to 
the motion in the hole multiplied into the my 
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through Orifices and Pipes, 


of ſections, that is to VaxH, or aHxV. This 
property has been proved by Dr. Juzix. 


Cor. XI. The force which can generate the 
whole motion of the water running out of the hole, 
s equal to the weight of a cylinder of water whoſe 
baſe is a, and altitude is 216, by Cor. 3; that is, 
equal to the weight of a cylinder of water, whoſe 
magnitude is 2aH x * —. 


For in the ſame 


time, in which the water running out is equal to this 
cylinder, this cylinder, by falling from the height 
1G by the force of it's gravity, will acquire a velo- 
city equal to that with which the water runs out. 
But when the quantities of matter and velocities of 
two bodies are equal, their motions, and conſe— 
quently the forces which can generate thoſe moti- 
ons in equal times, will likewiſe be equal. And 
therefore the force which can generate the whole 
motion of the water running out of the hole, is 
equal to the weight of a cylinder of water whoſe 
2 
magnitude 1s 2aH x — * 


Cor, XII. The weight of the deſcending co- 
lumn AMEFNB is equal to the weight of a cylin- 


cer of water, whoſe baſe is a and whoſe height is 
2HA ; : : A 
ITT? that is, whoſe magnitude 1s 2aH x 


Ara 
For let IO be a mean proportional between IH and 
IG, and then, IH . IG :: IH.IO::10.1G 
a. A; and, by diviſion of proportion, HO. IH 
: O08. 10; and by alternation and compoſition, 
HO + OG . 2HO :: IH + 10. 2IH.:: a+A. 
2a, But, by Cor. 11, in the time a drop of water 
falls by it's own gravity from I to G, the quantity 
of water diſcharged by the hole will be equal to 
ax2IG, or Ax 210; and in the time the drop 

Bb 4 deſcends 
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deſcends from I to H, the quantity of water paſſing 
through the ſurface AB, and diſcharged by the 
hole, will be equal to Ax2IH ; and the difference 
of theſe quantities, namely A x 2HO, will be the 
quantity diſcharged in the time the falling drop de. 
ſcends from H to G, which quantity is the column 
AMEFNB; for in the time the drop deſcend; 
from H to G, the ſuperficial parts of the water, 
ſetting out with the velocity of the drop at H, and 
deſcending freely and without reſiſtance, will reach 
the hole. And therefore, all the water in the vel. 
ſel will be to the water in the column AMEFNR, 
as AxH is to Ax2HO, or as HS HO + 0G 
to 2 HO; orasa + A to 2a; whence, putting () 
for the quantity of water in the deſcending column, 


AxH.Q::A+a. za; and conſequently, Q= 
2aH x 2 


Ara 


This Corollary may be proved in another manner, 
thus. The cataract is the difference of the two 
hyperboloids KAMEFBL and KABL, ſuppoſing 
the aſſymptote KL to be infinitely extended both | 
ways, and the area AB to be infinite; but by C 
fluxions, as Dr. Jurin has ſhewn, the hyperbo- bott 


lod KAMEFNBL is equal to 2ax H+x, or to Cicu 


2 — the 
* = becauſe H is equal to 2 _ — by Cor. 2; Wl of 1 
and the hyperboloid KA BL, is equal to 2 Ax, and = 

* 
the difference of the two is — —22Ax= ad 

2*— 2A : bott 

25 - vc „All the water in the veſſel is AH, A 
Ax -a xX 

or, by ſubſtituting . — in the room of 11, N 

Aix—Aa? | 

wie f . 5 and conſequently, the water in the C 
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yeſſel is to the water in the cataract, as 
Aiz—Aa*x . 2A*Xx—2 Aax 
RT 5 -, that is, after due 


reduction, as Aa 1s to 2a. Therefore AH . Q 


2A 
:; Aa . za: whence, Q=2aH x Ara 


Cor. XIII. The weight of all the water in the 
veſſel, 1s to the weight of that part of it which is 
{uſtained by the bottom, as the ſum of the circles 
AB and EF is to their difference. For, ſince 
Ax H. Q:: AT a. za, by Cor. 12, Ax H. 
Ax H- Q:: Aha. Ara za g= A- a by di- 
viſion of proportion. 


Cor. XIV. The weight of the water which the 
bottom ſuſtains is to the weight of the cataract, as 
the difference of the circles AB and EF, to twice 
the leſſer circle EF. For Ax H. Q:: A+a. 2a, 
by Cor. 12. And by diviſion of proportion, 
Ax H—Q.Q:: Ara — 2a g A— a. aa. 


Cor. XV. The weight of water which the 
bottom ſuſtains, is to the weight of water perpen- 
dicularly incumbent thereon, as the circle AB, 1s to 
the ſum of the circles AB and EF. For the weight 
of water which the bottom ſuſtains 1s 1 2 

2aHA A*'H—aA 
= AH — "KI a. 5 by Cor. 1 2,= Re 5 
and the weight perpendicularly incumbent on the 
bottom is A — a x H = AH —aH. But 


A*'H—aAH ; 3 
2 AH—aH : : A —-— aA. A — 2 


:: A. Ara by dividing by Aa. 


Cor. XVI. The quantity of water in the de- 
ſcending column, is to the quantity perpendicularly 


incumbent 


—— — — 
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incumbent on the hole, as twice the circle AB, is 


to the ſum of the circles AB and EF. For the A - 
quantity of water in the deſcending column i; the 
A B H A H:: 2A hole 
2aH AAA ut 2a XZ f ö: Ar er 
1 : 2A RN. grea 
Hence, when a is nothing, as we may ſuppoſe it of t! 
to be when A is infinitely great, the deſcending can 
column will be equal in magnitude to 2aH, a; 
Dr. Juxix has ſhewn it to be by determining it's W_ 
magnitude by flux1ons. quan 
| & | wate 
Cor. XVII. The weight of the deſcending 
column, is to the weight of water which can genc- the v 
rate the whole motion of the water running out of ab : 
the hole, as the difference of the circles AB and FF, whal 


is to the greater circle AB. For, putting F for the of + 
force or weight which can generate the whole mo- 


tion of the water running out of the hole, and ſip- Ce 
poling Q to denote the weight of the deſcending place 
column, we ſhall have F equal to the weight of a whoſ, 
quantity of water whoſe magnitude is 2aH « dllec 
WR. + | | ring 
Fi by Cor. 11, and Q equal to the weight Fo 
Ne | i ; H, 
of a quantity, whoſe magnitude 1s 2aH N. a l 
by Cor. 12. And therefore, Q. F : : 2aH x Une 
A BF TI — ac 
ATa . 2aH * A*-—a? SF 3 A—3 D Aa. A. 0 77 
FxA—a 2 i; 
25 and F= =; and M fl it 
Hence Q —_ A—a infinft 
conſequently, the force which can generate the WM will 
whole motion of the water running out of the bole, little 
will always exceed the weight of the deſcending co: where 
lumn, except when a becomes o, as we may ſup- N. 


poſe it to do, when it is very ſmall, and A exceed 
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Cong. XVIII. The force which can generate 
the whole motion of the water running out of the 
hole, is to the weight of water perpendicularly in- 
cumbent on the hole, as twice the ſquare of the 
greater circle AB, to the difference of the ſquares 
of the circles AB and EF. For the force which 
can generate the whole motion of the water running 


2 


out of the hole, is the weight of 2aH x 


A —a' 

quantity of water, by Cor. 11. and the weight of 

water perpendicularly incumbent on the hole, is 
2 


the weight of the cylinder aH. But 2aH x r. 


aH :: 2A* . A*—a*. In the ſame ratio is the 
whole motion of the effluent water to the motion 
of the water in the cataract. 


Cor. XIX. If in the middle of the hole be pl. 11. 
placed a little circle PQ parallel to the horizon, Fig. 3: 
whoſe center is G, and if the area of this circle be 
called o; the weight of water which it ſuſtains du- 
ring the efflux of the water through the ring ſur- 


| rounding 1t, 1s to the weight of half the cylinder 


oH, as a to a—Zo; if R denote the weight ſuſ- 


|; ; oH 
tained, R is to , as a to a 20, and R is equal 


aoH 


t9 22 . 
till it becomes equal to a, in which caſe IH will be 
infinite, by Cor. 1. the water, notwithſtanding this, 
will deſcend about the column PQH which the 
little circle ſuſtains with velocities, which are every 
where in the ſubduplicate ratio of the diſtance from 


For if we ſuppoſe A to be contraſted 


| KL, and likewiſe in the reciprocal ratio of the ſe- 
| veral ſections through which it paſſes; conſequent- 
| ly, the cataract AEPHQFB, is equal to the dif- 
ſerence of the two hyperboloids PEAKLBFQH 


and 
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and AKLB. But the hyperboloid PEAKLBFOH 
=2a—20 x H+x = 2aH — 20H+2ax — 20x, 
and the hyperboloid AKLB is 2ax ; and the diffe. 
rence of the two is 22H 20H — 20x, which i; 
the cataract AEPHQFB. The ratio of all the 
water in the veſſel to this annular cataract, i; 


— But f h fth | 
r ut trom the nature ot the motion 


of the deſcending water, a is to ao, as /H+-x . x, 


240X-——OOX 


W CC _ 
hen H PF pray” ao- 


when this value of H is ſubſtituted in it's room, will, 


; 24—0 
after due reduction, become —J— . Therefo1c 


The foregoin gratis, 


24— 
aH, the whole quantity of water in the veſſel, is to 
the annular cataract, as 24a—0 to 24—20 ; whence 


N „2a H— aol i 
the annular cataract is- za — Which being 


ſubducted from aH, leaves 2. 


2a—0 
ſuſtained by the little circle o. Conſequently, R= 


aoH oH f 
= and R. = a. a— 20. 


for the quantity 


SCHOLIUM. 


Upon examining this motion by experiments, Sir 
ISA AC NewrTon found the velocity of the water in 
it's paſſage through the hole to be leſs than it ought 
to be, if the water in the veſſel deſcended from the 
ſurface to the hole freely and without reſiſtance, in 
the proportion of 1 to /:. For he obſerved the 


vein of the effluent water, and found it to contract 
and grow narrower, to the diſtance of about a dia- 
meter of the hole below it, at which place he mea- 
ſured the diameter of the-vein, and found it to be 


leſs than the diameter of the hole in the e 
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of 21 to 25, and conſequently, the area of a ſection 
of the vein at that place to be leſs than the area 
of the hole, in the proportion of 441 to 625, that 
is, of 1 to 4/2, But as the vein contracts the ve- 
locity increaſes. And therefore, at the diſtance of 
a diameter of the hole below it, the velocity will 
be greater than in the hole in the proportion of 
N tO I. 
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If IG be four feet or 48 inches, and the Pl. rt. 


diameter of the hole be 1 inch, 1 added to 48 will Fig. 2. 


make the height trom the place where the velocity 
is greateſt to be 49 inches; and if the velocities 
of the diſcending column in the hole and that 
place, were truly meaſured by the ſubduplicate 
ratios of thoſe heights, as they would be if the water 
deſcended freely and without reſiſtance, they 
would be nearly equal, being as the numbers 69 
and 70. And therefore, the velocity of the water 
in the hole is leſs than it would be if it was propor- 
tional to „/I, in the ratio of 1 to / z. This 
diminution of velocity can be owing to nothing 
but the lateral motion of the deſcending water, re- 
tarding it's perpendicular motion downwards, and 
making it leſs than it otherwiſe would be, in the 
ſaid ratio of 1 to /2. Hence, the velocity with 
which the water flows through the hole, is very 
nearly equal to the velocity which a body, by fall- 
ing freely and without reſiſtance from a ſtate of 
reſt at I, would acquire in deſcending through + 
IG, For the velocity acquired in falling through 
21G, is to the velocity acquired in falling through 
IG, as 1 to . | 


According to Sir Isa Ac NewrTox, a body fall- 


ing in vacuo from a ſmall height above the ſurface 
of the earth, will deſcribe 1923+ inches, or 165 feet 
in one ſecond minute of time, and will have acqui- 
red a velocity at the end of the fall, which being 


continued uniform, would carry it through twice 


that ſpace, that is, 3865 inches or 325 feet, in an 


equal 
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ual time. But uniform velocities are as the ſpacey 
deſcribed by them in the ſame time, and the veloci. 
ties acquired by a body falling in vacuo through the 


ſpaces 1655 and GI or , are in the ſubdupli- 


cate ratios of thoſe ſpaces; and therefore 32“. 
| A* 
ne A Whence, V= 8.02773 


AH 7. 1 0H 
. feet, = 96:33276 . inches. And 


leſſening theſe meaſures of the velocity of the water 
flowing through the hole, the ratio of 1 to , that 
is, dividing each by 1.414, we ſhall V = 5. 6773196 


A*H | 
A feet, = 68.127832 == 


Theſe are the true meaſures of the velocity of the 
water in it's paſſage through the hole, which velo- 
city is therefore ſuch as carries it at the rate of 


A*H wh. : 
5.0773 196 * 5 feet, Or 
| AT inches, in a ſecond minute of time. Theſe 


inches, 


68.1278352 


expreſſions may be ſhortened if A be conſiderably 
greater than a, for in all ſuch caſes r will be 


—a* 
2 


f A 
ſo nearly equal to H, that ar may be ſafely 


rejected; and then the foregoing meaſures of the 
velocity will become, 5.0773 196 „/H feet, or 
68. 1278352 /H Inches. To ſhew the truth of 
this by an example, let A be 100 ſquare inches, and 


; 100000 
al ſquare inch, and Log [Cm 148 9999 
if H be 4 feet or 48 inches, 5 — will be 48. 


0048 inches, which is only greater than 48 by 48 
parts 
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arts of an inch divided into 10000, The exceſs 


= 's ſo ſmall, that it may be ſafely rejected. 
N Another true meaſure of the velocity of the water 


flowing through the hole, will be had by dividing 
pli- the quantity of water diſcharged, by the area of the 
hole and time of the diſcharge taken together; the 
quantity of water diſcharged being expreſſed in cu- 
173 Woick inches, the area of the hole in ſquare inches 
or parts 4 a — * e the 8 of the diſ- 
charge in ſeconds. Let Q denote the quantity diſ- 
90 Lanes, d the diameter of the Ok W: the 
ater ¶ ume of the diſcharge, and then V will be meaſured 


that 8 2 a ; | 
by 8 F755 IEEE inches, which will be 


hes, Wl the ſpace deſcribed in one ſecond of time. 
This meaſure 1s. equal to the former, that is, 


elo- _—— 68.1278352 4/11; and conſe- 
e of 7 


quently, Q = 53.50747044tyH cubick inches; 
or 13555.227d'tyH grains; becauſe a cubick 
inch of water weighs 2534 grains. If W denote 


'heſe the weight of water diſcharged, then will W 

13555.32d"ty H grains. | t 
ably In order to know, whether the velocitics of water 
11 be MW fowing through circular holes of different diameters, 
when placed at the ſame perpendicular diftance 
afely from the ſurface of the water, be all equal; what 
relation the velocity of water flowing through a 
f the WM hole, bears to the velocity of water flowing through 
t, or Wan horizontal pipe of an equal diameter, inſerted 
th of into the fide of a veſſel at an equal perpendicular 


and WW diſtance from the ſurface of the water; and under 
oH what circumſtances the meaſure of the velocity 
0 lad down in my Animal Economy obtains, I ſay, 
in order to know thele things, I cauſed a proper 
eparatus to be made, and from the experiments 
y 43 made with it, I compoſed the following Tables. 


TABLE 
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| | TASLE HE 
7 Av A 1 
28 | | W | W W 
10 | 4 | Fs 2711 2944 1086 
| is | 43377 47040 1084 
is | 07776 | 72960 | 1076 


7s | 173507 178560 Fong 
2 A 1917 2087 1088 
is | 30672 | 33600 | 1095 
is | 47925 | 51840 1082 
— | 122688 128400 1046 


| 2d 14400 
34013792 
4d 13728, 

5d[1 3663 
10d}j12683 


The firſt Table contains, in the firſt column, un- 
der t, the time of the diſcharge in ſeconds ; in 
the ſecond column, under H, the perpendicular 
heights of the water above the hole in London 
feet; in the third, the diameters of the hole in 
parts of an inch; in the fourth, under W, the 
weights of water in grains, Which ought to have 
been diſcharged by the theory or foregoing rule 
in the fifth, under w, the weights of water in 

ins which were diſcharged by experiment, 
each weight being a mean taken from five or (ix 


* . W 
experiments; and in the ſixth column, under . 
the 


over Obſtacles, 491 


the ratio of the weight diſcharged by experiment, 
to the weiglit which ought to have been diſcharged 


al by the theory. | 
The ſecond Table conſiſts of three parts, and each 
part of three columns. 'The firſt column of each 
— part, contains the diameter of the pipe in parts of 
' an inch; the ſecond contains the lengths of the 
: pipe in the terms of the diameter, beginning with 
) the hole, which may be conſidered as a pipe of an 
) infinitely ſmall length expreſſed by o; and the 
8 third column contains the weights in grains diſ- 
5 charged in 10 ſeconds, each weight being a mean 
2 taken from particular experiments. The holes and 
6. pipes were all at the perpendicular diſtance of 4 feet 
from the ſurface of the water, ſo that here t was 
1 10”, and H four feet. 
8 TABLE III. en 
50⁰ | w * W 
720 HII] W | w F | H] W „N 
64⁰ . | 
449 21121802180 1000 4 | 1090| 982 | 901 
160 2115412080134 770] 922 81196 
54 349 9 
3 520 3] 1258 | 2057 | 1634 629] 877 [1393 
$160 4] 1090 | 1874 | 1719 545| 762 1398 
8560 5] 980| 1759] 1804 499 | 720 [1469 
— 6] 89016901899 445 665 [1494 
7182415641898 412 620 [505 
N, U. 8| 770 15201972 385] 585 1519 
Ss; in g| 727] 1440] 1982 363] 553 [1522 
liculat 10] 689] 1410 2045 344 | 525 [1523 
ondon 12 629 1320 | 2098 3141470 1493 
e in 14] 58211225 [2102 291 430 1470] 
, 5 16] 545116312134 272 383 [1405 
„cue 18] 5141108612113 257] 350 1302} 
have 20] 487] 10302113 243] 320 [1313} 
866] 1946 222| 260 |1168 
860 | 1972 218] 253 [1160 
844 | 2048 206] 230 [1116 
758| 1967 192 | 202 [1048 
659] 1814 181] 185 [1018 
50911618 
421] 1496 | 
345| 1342] | |} WT RP 
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The third and fourth Tables conſiſt each of two | 
partscorreſponding to different perpendicular heights } 


the 
pen 


of the water in the veſſel, and different diameters of 


2 In both Tables, H denotes the per- 
icular height of the water in the veſſel above 


the pipe in feet; I the length of the pipe in inches; 
W the weight in grains which ought to be diſcharged 
by the firſt Propoſition of my Animal CEconuomy , W 
the weight in grains which was diſcharged by expe- 
W 

W 
by experiment to the weight which ought to have 
been diſcharged by that Propſition. The diameter, 
of all the pipes in the third Table was g of an 
inch, and of all the pipes in the fourth Table 


riment; and W the ratio of the weight diſcharged! 


2 
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of an inch. And the time of the diſcharge was 10 
ſeconds in all the experiments of both tables. 

The quantity or weight of water which ought to 
be diſcharged by the firſt Propoſition of the Animal 
| (Economy, may be thus found. I there proved, 
that the velocity of water flowing through a pipe, is 


F 
as V—. But if the force which can generate the 


motion of water flowing through a pipe lying pa- 
ralle] to the horizon, be equal to the force which can 
generate the motion of water flowing through a hole 
of an equal diameter with the pipe, when placed at 
an equal perpendicular diſtance from the ſurface of 
the water; F, by Cor. 11. of this Problem, will be 
as 2d, on ſuppoſition that the area of the hole 
is extreamly {mall in compariſon of the area of the 


_ ſurface of the water. And therefore the velocity 


of water flowing through a pipe lying parallel to 
the horizon, is as VE . The weight of water 


diſcharged, is as the orifice of the pipe, the time of 
the diſcharge, and velocity, taken together ; that 


Is, as dit T And therefore, W 1s as d*t 
2dH 
1 * 


A pipe of , of an inch in diameter, and 1 inch 
in length, diſcharged 2180 grains of water in 10 


ſeconds, when it was inlerted into the fide of the 


veſſel at the perpendicular diſtance of 2 feet from 
the ſurface. In this caſe therefore, d, t, H, l, were 


| dH 
0.1, 20,2, 13:and- qt V— 


0.00326, Hence we may find W in other caſes 
by this analogy; 2180 : 0.06325 MY : d't 
JH | 
* I whence W= 48746.3 d 8 
8 4 1 
In the firſt part of the third Table, W is 9 oh 


Ce 2 and 


was equal to 
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and in the firſt part of the fourth Table, —— , 
and W in the ſecond part of each Table is one half 
of W in the firſt part. 
« OB$ERvATIONS on the TABLES. 
Oss. I. By the firſt Table the diſcharges by 
experiment are nearly proportional to the diſcharges 


by the theory, that is, w 1s nearly proportional to 


W, or W is nearly the ſame, whatever be the dia- 


meter of the hole, provided the time of the diſ- 
charge, and the perpendicular height of the water 
in the veſſel above the hole, be given. The diſ- 
charges by experiment were all ſomething larger 
than the diſcharges by the theory, which might be 
partly owing to the pouring in of the water at the 
top of the veſſel, in order to keep the veſſel con- 
ſtantly full during the time of the diſcharge; for 


the pouring, though it was done gently, might a 


little increaſe the velocity wherewith the water ran 
out of the hole. | 

Ons. II. By the ſecond Table, the weight of 
water diſcharged, and conſequently the velocity, in- 
creaſes from the hole till the length of the pipe be- 
comes equal to about twice it's diameter, that 1s, 
till I becomes equal to about 2d, and is greater there 
than at any other length of the pipe. The greateſt 
velocities in theſe pipes in proportion to the veloci- 
ties through their reſpective holes, are as the num- 
bers 1130, 1215, 1258 to 1000, 

Ons. III. From the length of twice the diame- 
ter, that is from the length 2d, the velocity leſſens 
continually on increaſing the length of the pipe, and 
becomes equal to the velocity through the hole 
when the length of the pipe becomes equal to about 
22.3657d4/d inches. For, by the ſecond Table 


the velocities of the water flowing through the 
pipes, were nearly equal to the velocities through 


their reſpective holes, when the lengths of the pipes, 
xp were 
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were 10d, 16d and 23d, that is 2 inches, 6.4 inches, 
and 18.4 inches. But 2, 6. 4, and 18.4, are nearly as 
1, 2.8, and 8, the ſeſquiplicate ratios of 1, 2 and 4, 
and 1, 2 and 4, are as the diameters , * and e. 
And therefore the velocities of the water flowin 
through the pipes, were nearly equal to the veloci- 
ties through their reſpective holes, when the lengths 
of the pipes were in the ſeſquiplicate ratios of their 
diameters, The diameter of the ſmalleſt pipe be- 
ing Fs of an inch, dy/d is 0.0894 ; and if d be of 
any other magnitude, and ] be the length of a pipe 
of that diameter through which the water flows 
with a velocity equal to that with which it flows 
through it's correſponding hole, we ſhall have this 
proportion; as 2 is to 0.0894, ſo is 1 to dyd, 
whence 1 = 22.3057dy/d. 

Ons, IV. By the third and fourth Tables, the 
quantity of water diſcharged by experiment in pro- 
portion to the quantity which ought to have been 


diſcharged by the theory, that is , increaſes gra- 


dually till the pipe comes to be of a certain length, 
and after that it decreaſes gradually on increaſing 
the length of the pipe. In the two parts of the 
third Table this ratio was greateſt, when the lengths 
of the pipes in inches were about 20 and 10, and it 
was greateſt in the two parts of the fourth Table, 
when the lengths of the pipes were $1 and 36. But 


from the courſe of the numbers expreſſing _ in the 


ſecond part of the fourth Table, I think this ratio 
would have been greater in a pipe of 40 inches in 
length, than in the one I uſed of 36, and there- 
fore ſhall ſuppoſe that it would have been greateſt 
at the lengths of 81 and 40. Conſequently, put- 
ting x for the length of the pipe in inches, at which 
this ratio is greateſt, x will be as /H when d is 
given, and as d* when H is given, and when nei- 
ther d nor H is given, as d'/H. Hence we may 

| Ce 3 form 
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form a rule for finding the length of the pipe, at 
which this ratio ſhall be a maximum; for it was a 
maximum in a pipe of Heth of an inch in diameter, 
when it's length was 20 inches, and the perpendicu- 
lar height of the water in the veſſel 2 feet. In this 
caſe therefore x, d and H, are 20, o.1, and 2, 
and d- /H is 0.01414; and in other caſes, x may 
be found by this analogy; as 20 is to 0.01414, ſo 
is x to dH; whence x is equal to 1414d*YH, 
To ſee whether this rule be univerſal, and obtain in 
pipes of greater diameters, and at greater diſtances 
trom the ſurface of the water, I ſhall ſuppoſe d 
and H to be 0.5 and 3, as in our Author's Table 
p-. 227, and then 1414d / H will be about 600 
inches or 50. feet, which length 1s twice as great as 
it was in reality; for the ratio was a maximum by 
that Table, when the length of the pipe was 2; 
feet; ſo that the value of x here determined ſeems 
to obtain only in pipes of ſmall diameters. 

Orgs. V. By the third and fourth Tables, the 
quantity diſcharged by experiment in propor- 
tion to the quantity which ought to have been 


diſcharged by the theory, that is — does 


not differ much in pipes whoſe lengths are within 


3 33 
certain limits. M, in the pipes, whoſe lengths 


were 6 and 32 in the firſt part of the third Table, 
15 leſs than in the pipe where this ratio is a maximum, 
in the proportions of 100 to 112 and 110, and the 


difference of 1 and the maximum is ſtill leſs in 


pipes of all other lengths between 6 and 32; ſo that 
in this part of the Table, 6 and 32 are the limits, at 
and within which there is a near agreement between 


theory and experiment. 7 4 in the pipes whoſe 
w 


lengths are 4 and 16 in the ſecond part of this 
Table, 
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Table, is leſs than in the pipe where this ratio is a 
maximum, in the proportion of about 100 to 109 
and 108, and it is ſtill leſs in pipes of all other 
lengths within theſe limits. And W in the pipes 
| whoſe lengths are 9 and 64 in the ſecond part of the 
| fourth Table, for the pipes were not carried to 
| ſuch lengths as were neceſſary to ſettle the limits in 
the firſt part, is leſs than the maximum in the pro- 
| portion of 100 to 118 and 120; and it is ſtill leſs 
in pipes of all other lengths within theſe limits. 
Oss. VI. By the third and fourth Tables, the 
quantity of water diſcharged by experiment always 
exceeds the quantity which ought to be diſcharged 
by the theory; it was near double within the limits 
of the firſt part of the third Table and ſecond part of 
the fourth, and greater in the ſecond part of the third 
Table in the proportion of 5713 to 3858. It we ſup- 
poſe 1t to be double within the limits, 1n pipes of all 


lengths, then will w be equal to 2 W, or to 97492.6d't 
dH 


＋ grains, W being equal to 48746. 3dẽt W 
grains, as was ſhewn above. 
PRO B. VI. If the diſtance of an object from a 
double convex lens whoſe ſurfaces are ſpherical, if the 
radii of both the ſpherical ſurfaces, the thickneſs of the 
lens, and the fines of incidence and refraction, be all 
given; thence to determine the diſtance behind the lens 
of the principal focus or concourſe of the rays iſſuing 
from the object and falling perpendicularly, or very 
nearly ſo, on that ſurface of the lens which is turned 
towards the object. 
Let MN be a lens, E and e the centers of it's Pl. 11. 
ſpherical ſurfaces MCN and MDN, Q an object Fig: 5. 
placed directly before the lens, Qq a line drawn 
from the object perpendicular to the ſurfaces of the 
lens, and conſequently paſſing through the centers e 
and E; let the point A be indefinitely near to = | 
in which caſe QA and QC may be looked upon as i 
| (> WT 4 equal; 
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equal; let q be the focus or concourſe of the rays 
QA and QC after the firſt refraction by the ſurface 
MCN, and 2 their focus or concourſe after the ſe. 
cond refraction by the ſurface MDN. Put D for 

the diſtance of the object from the lens, r for 
the radius CE, p for the radius eD, x for Dq, the 
diſtance of the focus behind the lens, after the firſt 
refraction, and 2 for Dz it's diſtance behind the 
lens after the ſecond refraction; and laſtly, let I and 
R denote the ſines of incidence and refraction of the 
rays paſſing out of air or any other medium into the 
firſt furface MCN, and conſequently R and I the 
ſines of incidence and refraction in their paſſage out 
of the ſecond ſurface MD N into air or that other 
medium. 

To determine z, we muſt firſt determine the 
meaſure of x in known terms, to do which draw 
AF perpendicular to Qq, EI perpendicular to 
QAI the incident ray produced, and ER perpendi- 
cular to the refracted ray Aq; and then, from the 
ſimilarity of the two triangles QAF and QIE, and 
alſo of the triangles qAF and qER, and from QA 
being equal to QC, and qA equal to qC, we ſhall 
have AF equal to I or, in ſymbols, 0 Nr, 
by the two firſt triangles, and by the two laſt tri- 


8 a 
angles, equal to == or, in ſymbols, to — ; 


Rx 
K—x ? 


Conſequently Dr is equal to and X22 


DIr 
PI DR RT 
Having found the meaſure of x or Cq in known 


terms, 2 or Dz may be thus determined. For that 

ſure, that is f Se, put A 
and qa produced draw the perpendiculars el and eR, 
and draw am perpendicular to Qq. And — 
; 1 rom 
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from the ſimilarity of the triangles qam and qRe, and 
alſo of the triangles zam and zle, and from qa being 
equal to q D, and za equal to zD, a m will be equal 


eRxqD 
to — * from the firſt triangles, and equal to 
D 
- 5 from the ſecond. eR is the fine of inci- 


dence of the ray Aa falling on the ſecond ſurface 
MDN, and el the fine of it's refraction ;. and 
therefore eR will be J, and el will be R. qD 
is equal to q- CD = At, putting t for CD 
the thickneſs of the lens; and qe is equal to qC 
1. = «Aer Ig Apt; conſequently 
— t Z 
IT * 2 Fo and from this equation A = 
Iz+Rtz+Rtp—Itz n 
ä But A denotes PL NR 
I>z+Rtz+Rpt—Itz DI 
And therefore 19.3 + Rp—Iz — = DI-ZDR<Rr . 
By clearing z in this equation, we ſhall have z = 
; ; DIRr;+RRret+DRR;t—DIRer wp an 
DII+-2DIRt—DIIt—DIRz—DRRt—IRrp—RRrt+IRrt-DIRr+DlIlr 


To give this equation a more ſimple form, di- 
vide both numerator and denominator by IR; 


and then, the numerator will become T* IDrp 


+ I x Rryt— D Reęt, or, by putting B inſtead of 


EL BIDrp+BRrpt—DRypt, and the denomina- 


tor will become IDr+IDp— IDt+RDt+Rrt—Blrp; 
and the equation will be reduced to another form, 
and ſtand thus. 

BIDrs+BRrpet— DRypt 


*="TÞr II/ It + Rt + Rit — Blip * 
This is Dr, HaLLey's univerſal Theorem for find- 
ing the principal focus of rays falling diverging on 

; | 295 : a double 
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a double convex lens, publiſhed in the Philoſophica! 
Tranſactions. 

If the rays, inſtead of falling diverging, fall pa. 
rallel on a double convex lens, as they will nearly 
do, when the object is at an immenſe diſtance from 
the lens, D in this caſe may be conſidered as infi- 
nite ; and conſequently, all the terms in which D 
is not found, may be thrown out of the equation, 

4 a BID DRyt 
An en Rot IDr + ID; — IDt * 9h ! » "i 
It+Ip — It-Rt * | 

And laſtly, if the rays fall converging on a dou- 
ble convex lens, the ſigns of all the terms in which 
D is found muſt be changed ; for when the rays fall 
converging, the point behind the Jens to which 
they tend at their incidence, muſt be conſidered as 
the place of the object, which, from it's being diffe- 
rently ſituated with reſpect to the lens from what 
it is when the rays fall diverging, requires the ſigns 
of all the terms in which D is found to be changed, 
which being done, we ſhall have 

25 DRet+BRrot—BIDrp 
= IDt—IDr—ID;—RDt+Rri—Blrs * 


Theſe are the three general Theorems for finding 
the principal focus of rays falling, diverging, paral- 
lel, or converging on a double convex lens. 

If the lens be made of glaſs, as lenſes uſually are, 
and the object be placed in air, then, ſince the ſine 
of incidence of a ray paſſing out of air into glaſs, 
is to the ſine of refraction, as 3 to 2, I, R and 
B will be 3, 2, and 2; and the foregoing general 
Theorems for finding the foci of rays falling diverg- 
ing, parallel, and converging, on a double convex 


11 be © = Draft Dt 
glaſs, will be z = 3Dr+3Dp-3Dt+2Dt+ 2rt-6r, * 
| 6ro—2pt- | 


rp —3t-Fat 
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2 Dpt+4rpt—6Drp 
2 = 3Dt—3Dr—3Dp—2DiÞzrt—obr, 
And if the radii be equal, and the thickneſs of 
the glaſs be neglected or conſidered as o, then will 


theſe Theorems ſtand thus, z = 5 2 r, and 


— Dr 

2 '—D=r *© 

If the lens be a double concave glaſs, the radii of 
whoſe two ſpherical ſurfaces are equal, and if the 
thickneſs of the lens be conſidered as o, the radii 
will lie on different ſides of the lens with reſpect to 
the object from what they did before, and conſe- 
quently, the ſigns of the radii muft be changed; 
and then the laſt Theorems, in which the radi; were 


ſuppoſed to be equal, and the thickneſs of the glaſs 


was neglected or conſidered as o, will ſtand thus, 

—_—_ Pr & , and 22 25 . By theſe 
Theorems, 2 is always negative when the rays fall up- 
on the double concave, diverging, or parallel, and 
when they fall converging it is negative when D is 
greater than r. When 2 is negative, the focus falls 
on the ſame ſide of the glaſs with the object, contra- 
ry to what it does in all caſes of a double convex 
lens, excepting that of diverging rays, when the diſ- 
tance of the object is leſs than the radius, or D is 


leſs than r. For in that caſe, z, which is equal to 
Dr a 
Br: will be negative. 


By this Problem we may determine how far a ra- 
diating point muſt be diſtant from the eye, to have 
the principal focus of the rays iſſuing from it placed 
in the retina, on ſuppoſition that the coats and hu- 
mours of the eye are unchangeable as to their fi- 
gures, magnitudes and denſitics, 
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Let ABGz repreſent a human eye, in which ABG Pl. 11. 
is the cornea, AM CNG the cavity containing the Fig. 6. 


aqueous humour, MCN D the cryſtalline Wm 
an 
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and AMDNGz the cavity containing the vitreous 
humour. According to Doctor JuRin, the radi; 
of the ſpherical ſurfaces of the cornea and of the 
cryſtalline humour, that 1s, of the ſpherical ſur. 
faces ABG, MCN and MDN, are in 10th parts 
of an inch, 3.3294, 3.3081, and 3.5056 ; and the 
diſtance of the cornta from the anterior part of the 
cryſtalline, the thickneſs of the cryſtalline, the cif. 
tance of the F part of the cryſtalline from 
the retina, and the diſtance of the cornea from the 
retina, are in the ſame parts of an inch, 1.0338, 
1.8525, 6.2617 and 9.15. Let Q be the radiating 
point, q the principal focus of the rays by the firſt 
refraction of the aqueous humour, by virtue of 
which refraction they fall converging on the cryſtal- 
line, and let 2 be their focus after their refractions 
by the cryſtalline and vitreous humours. By taking 
the ſpecifick gravities of the humours of the eye, 
I have found that the ſpecifick gravities of the 
aqueous and vitreous humours are very nearly equal, 
and each much the ſame with that of water ; and 


that the ſpecifick gravity of the cryſtalline is great- 


er than the ſpecifick gravity of water, in the pro- 


portion of about 11 to 10. For the mean ſpecifick 
gravities of 5 cryſtalline humours of oxen's eyes, 
and of 3 cryſtalline humours of ſheep's eyes, were 
11134 and 11033, the ſpecifick gravity of water 
being 10000, and the mean of theſe two means, is 
11083, which I ſhall ſuppoſe to be the ſpecifick 
gravity of the cryſtalline humour of a human eye. 
But the refractive power of the cryſtalline is very 
nearly proportional to it's denſity, and the ſine of 
incidence of rays paſſing out of the aqueous humour 
into the cryſtalline, is to the ſine of refraction, very 
nearly as 21 to 20, as I ſhall ſhew in the Scholium. 
And conſequently, I will be 21, and R will be 20, 
From theſe meaſures I now proceed to determine 
the diſtance of a radiating point from the cornes, 
that is, the diſtance of Q from B, ſo as that the 
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focus of the rays, iſſuing from it and falling diver- 


ging on the cornea, may by the refractive powers 
of the aqueous, cryſtalline, and vitreous humours, be 
placed in the retina at 2. By the refraction of the 
aqueous humour, the rays fall on the cryſtalline 
with ſuch a degree of convergence as would make 
them unite at q. In the univerſal Theorems there- 
fore for finding the principal focus of rays falling 
converging on a double convex lens, Cq is D, Dz 
equal to 6.2617 is z, the radius of MCN is r, the 
radius of MDN is , CD the thickneſs of the cryſ- 
talline is t, and I and R are 21 and 20. And b 
clearing D in that Theorem, we ſhall have D = 
Blr-z+ BRrot— Rrtz 

Bl, + Itz—Irz—Iz—Ra—Rez © 123192 = 
Cq. And Cqþ+BC=11.346 . 

In the Theorem for finding x, Bq is x, QB is D, 
I is 4, and R 3, the fine of incidence of rays paſ- 
ſing out of air into water or into the aqueous hu- 
mour, being to the ſine of refraction, as 4 to 3, 
and the radius of the cornea is 3.3294 10th parts 
of an inch; conſequently, D is 57.48, that is, 
about 5 inches and 3 quarters. So that ſuppoſing 
the eye to be unchangeable, a radiating point placed 
at the diſtance of 5% inches from it, will have it's 
image placed in the retina. 


SCHOLIUM. 


Let AB repreſent the refracting plane ſurface pl. 11. 
of any body, and IC a ray incident obliquely on Fig. 7. 
„the body at C, ſo that the angle ACI may be 
« infinitely little, and let CR be the retracted ray. 
From a given point B perpendicular to the re- 

« frating ſurface erect BR meeting the refracted 
ray CR in R, and if CR repreſent the motion of the 
«* retracted ray, and this motion be diſtinguiſhed into 
* two motions CB and BR, whereof CB is parallel to 
the refracting plane, and BR perpendicular to it: 
* CB ſhall repreſent the motion of the incident rays 
JR | * an 


aqueous humour into the cryſtalline, will be com- 
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« and BR the motion generated by the refraction.” 
NewrT. Opt. Prop. 10. p. 245.246, CBR is equal 
to the angle of incidence, and CRB is equal to the 
angle of refraction; conſequently, if R be made the 
center, and a circle be ſuppoſed to be drawn with 
the radius CR, CR will be the ſine of the angle of 
incidence, and CB the fine of the angle of refracti- 
on; and, putting I and R for thoſe fines, we ſhall 
have this analogy, I. R:: CR . CB. Hence 
RT“ CR*'—CF* F BR* \ 
FE ? or -= . But 
the motion of the ray at it's incidence repreſented by 


CB, is given; and therefore, R. — 1 is as BR. 


But by the aforeſaid propoſition BR* expreſſes the 
refractive force, and is nearly as the denſity of the 
body; as Sir I. NewTox found, by computing BR 


from the fines I and R in ſeveral bodies, and then 
comparing it wich their reſpective denſitics. WM 
And conſequently, putting D for the denſity of the 
1 


body, 81 is as D, and N as DI. In paſ: l | 


. . | I . 3 
ſing out of air into water N is f, and, thedenſity I 
gf water being 10000, /D+1 is 10004: And in 3 
paſling out of air into the cryſtalline, whoſe deniity WM 


is to that of water as 11083 to 10000, HDI is 
10528, Therefore in palling out of air into the 


——— — — — 


cryſtalline R will be 2; for 10004. 10528 :: +4, I 


SIDE HH LL. 9 


I. 1 
Tes = + very nearly. F in paſſing out of the W 


pounded of the ratios + and +, by the ſecond Theo- 


13 
rem of the Opticks; p. 113, and therefore N wWill 


de equal to 263 or I will be to R, as 21 to 20. 
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